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DEPARTMENT OF HEALTH AND HUlkJ&r;s f$EF@fKl%$ -5 PI 

Food and Drug Administration 

?1 CFR Part 101 

[Docket Nos. OOP-1275 and OOP-12761 ’ 

Food Labeling: Health Claims; Plant SteroVStanol Esters and Coronary Heart Disease 

AGENCY: Food and Drug Administration, HHS. 

ACTION: Interim final rule. 

SUMMARY’: The Food and Drug Administration (FDA) is authorizing the use, on food labels and 

in food labeling, of health claims on the association between plant steroVstano1 esters and reduced 

risk of coronary heart disease (CHD). FDA is taking this action in response to a petition filed 

by Lipton (plant sterol esters petitioner) and a petition filed by McNeil Consumer Healthcare (plant 

stanoi ester: petitioner). Based on the totality of publicly available evidence, the agency has 

concluded that plant steroVstanoI esters may reduce the risk of CHD. 

DATES: This rule is effective [insert date of publication in the Federal Register]. Submit written 

comments by [insert date 7.5 days after date of publication in the Federal Register]. The Director 

of the Office of the Federal Register approves the incorporation by reference in accordance with 

5 U.S.C. 552(a) and 1 CFR part 51 of certain publications in 21 CFR 101.83(c)(2)(ii)(A)(Z) and 

WCWWU), as of [insert dateof publication in the Federal Register]. 

ADDRESSES: Submit written comments to the Dockets Management Branch (HFA-305), Food and 

Drug Administration, 5630 Fishers Lane, r-m. 1061, Rockville, MD 20852. 

FOR FURT$ER INFORMATION CONTACT: Sharon A. Ross, Center for Food Safety and Applied 

Nutrition @E&832), Food and Drug Administration, 200 C St. SW., Washington, DC 20204, 

202-205-5 343. 
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SUPPLEMENTARY INFORMATlON: 

The President signed into law, on November 8, 1990, the Nukrition L&ling and Education 

Act of 1990 (the 1990 amendments) (Public Law lQl-535). This new law amended the Federal 

Food, Drug, and Cosmetic Act (the act) in a number of important ways. One of the most notable 

aspects of the 1990 amendments was’that they provided procedures whereby FDA is to regulate 

health claims on food labels and in food labeling. 

In the Federal Register of January 6, 1993 (58 FR 2478) FDA issued a final rule that 

implemented the health claim provisions of the act for conventional foods (hereinafter referred 

to as the 1993 health claims final rule). In that final rule, FDA adopted $ 101.14 (21 CFR 101.14), 

which sets out the rules for the authorization of health ciaims by regulation and prescribes general 

requirements for the use of health claims. Additionally, 9 101.70 (21 CFR 101.70) establishes a 

process for petitioning the agency to authorize health claims about a substance-disease relationship 

(Q 101,70(a)) and sets out the types of information that any such petition must include (§ 101.70(d)). 

On January 4, 1994 (59 FR 395), FDA issued a final rule applying the requirements of 00 101.14 

and 101.70 to health claims for dietary supplements. 

FDA also conducted an extensive review of the evidence on 10 substance-disease relationships 

listed in the 1990 amendments. As a result of its review, FDA authorized claims for 8 of these” 

10 relationships, one of which focused on the relationship between dietary saturated fat and 

cholesterol and reduLtid risk of CHD. CHD is the most common, most frequently reported, and 

most serious form of cardiovascular disease (CVD) (58 FR 2739, January 6, 1993). Further, while 

the agency denied the use on food labeling of health claims relating dietary fiber to reduced risk 

of CVD (58 FR 2552, January 6, 1993), it authorized a health claim relating fiber-containing fruits, 
.-. 

vegetables, and grain products to a reduced risk of CHD. 

In the proposed rule entitled “Health Claims and Label Statements; Lipids and Cardiovascular 

Disease” (56 FR 60727 at 60727, 60728, and 60732, November 27, 1991), FDA set out the criteria 
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for ev3!: ‘. ~g evidence on diet and CVD relationshi;~c. including t!v rziatioriship between diet 

and CHD. FDA-\, noted that. bwause of the public hmlth irnporra1xc of CHD. identification of 

“modifiable” risk fxtors for CHD had been the subjscl of considerable research and public policy 

attention. The agency also noted that there is general agreement that elevated blood chofesteroi 

levels are one of the major modifiable risk factors in the development of CHD. FDA cited Federal 

Government and other reviews that concluded that there is substantial epidemiologic and clinical. 

evidence that high blood levels of total and low density lipoprotein (LDL) cholesterol are a cause 

of atherosclerosis (inadequate blood circulation due to narrowing of the arteries) and represent 

major contributors to CHD. Further, factors that decrease total blood cholesterol and LDL 

cholesterol will also decrease the risk of CHD. FDA concluded that it is generally accepted that 

blood total and LDL cholesterol levels are major risk factors for CHD, and that dietary factors 

affecting blood cholesterol levels affect the risk of CHD. High intakes of dietary saturated fat 

and, to a lesser degree, of dietary cholesterol are consistently associated with elevated blood 

cholesterol levels. FDA concluded that the publicly available data supported an association between 

diets low in saturated fat and cholesterol and reduced risk of CHD (58 FR 2739 at 2751). 

The agency has authorized other health claims for reducing the risk of CHD using the 

aforementioned criteria. In the final rule entitled “Health Claims; Dietary Fiber and Cardiovascular 

Disease” (58 FR 2552), FDA concluded that the publicly available scientific information supported 

an association between fruits, vegetables, and grain products (i.e., foods that are low in saturated 

fat and cholesterol and that are good sources of dietary fiber) and reduced risk of CHD through 

the intermediate link of blood cholesterol (58 FR 2552 at 2V3\ (codified at 6 101.77)). In response 

to two petitions documenting that dietary consumption of soluble fiber from beta-glucan from oat 

products and psyllium seed husk significantly reduced blood cholesterol levels, FDA authorized 

health claims for soluble fiber from certain foods and reduced risk of CHD in Q 101.81 (21 CFR 

101.81) (62 FR 3584 at 3600, January 23, 1997, and amended at 62 FR 15343 at 15344, March 

3 1, 1997, pertaining to beta-glucan from oat products. and 63 r”R 8 103 at 8 119, February 18, 



In the final ruk authorizing (he ciaitn, the agency concluded, based on the totality of publicly 

available scientific evidence, that there is significant icientific agreement that soy protein, included 

at a level of 25 grams (g) per day (d) in a diet low in saturated fat and cholesterol, can help 

reduce total and LDL cholesterol levels, and that such reductions may reduce the risk of CHD 

(64 FR 57700 at 57713). The dietary fiber and CVD (56 FR 60582 at 60583 and 60587, November 

27, 1991), soluble fiber from beta-glucan from oat products and CHD (61 FR 296 at 298, January 

4, 1996), soluble fiber from psyllium seed husk and CHD (62 FR 28234 at 28236 and,28237, 

May 22, 1997), and soy protein and CHD (63 FR 62977 at 62979 and 62980, November 10. 

1998) health claim reviews in the proposed rules were conducted in accordance with the 1991 

criteria for evaluating the evidence between diet and CHD (56 FR 60727 at 60727, 60728, and 

60732. 

The present rulemaking is in response to two health claim petitions. One health claim petition 

concerns the relationship between plant sterol esters and the risk of CHD, and the other concerns 

the relationship between plant stanol esters and the risk of CHD. Although the plant sterol esters 

petition characterizes the petitioned substance as vegetable oil sterol esters, FDA believes it is 

more accurately characterized as plant sterol esters. The petition statzs that vegetable oil steroi 

esters consist of esterified plant sterois (Ref. 1, page 3). The petition also mentions that canola 

oil is one of the oils used as a source for the sterol component of vegetable oil sterol esters (Ref. 

1, page 82). Canola 011 is derived from ti seed (rapeseed). Although seeds are clearly part of the 

plant kingdom, they are not ordinarily thought of as vegetables. Therefore, FDA is concerned that 

the term “vegetable oil sterol esters” may not be understood to cover esterified sterols from sources 

like sanols oil. Accordingly, the agency is using the terin “plant sterol esters” throughout this 

document. For purposes of this rule, plant sterol esters and plant stanol esters will be referred 

to collxtively as “plant sterol/stanol esters.” 



II. Petitions r’ : Plant SteroVStanoI Esters and Reduced Risk of CT’9 

Lipton submitkd ;i health claim petition to FDA 01; F~~I-uxJ~ 1, 2000, requesting that the 

agency authorize a health claim on the relationship between consumption of certain plant stero2 

ester-containing foods and the risk of CHD (Refs.1 through 4). Specifically, Lipton requested that 

spreads and dressings for salad1 containing at least 1.6 grams of plant sterol esters per reference 

amount customarily consumed be authorized to bear a health claim about reduced risk of CHD. 

On May 11, 2000, the agency sent this petitioner a letter stating that FDA had decided to file 

the petition for further review (Ref. 5). On June 26, 2000, Lipton submitted a request asking‘FDA 

to exercise its authority under section 403(r)(7) of the act (21 U.S.C. 343(r)(7)) to make any 

proposed reguIation for its petitioned health claim effective upon publication, pending consideration 

of public comment and publication of a final rule (Ref. 6). If the agency does not act, by either 

denying the petition or issuing a proposed regulation to authorize the health claim, within 90 days 

of the date of filing, the petition is deemed to be denied unless an extension is mutually agreed 

upon by the agency and the petitioner (section 403(r)(4)(a)(i) of the act and 21 CFR 

101.7O(j)(3)(iii)). On August 2, 2000, FDA and thz plant sterol ester petitioner agreed to an 

extension of 30 days, until September 6, 2000 (Ref. 7). 

On February 15, 2000, McNeiI Consumer Healthcare submitted a health claim petition to 

FDA requesting’that the agency authorize a health claim on the relationship between consumption 

of plant stanol ester-containing foods and dietary supplements and the risk of CHD (Refs. 8 through 

14). On May 25, 2000, the agency sent this petitioner a letter stating that FDA had decided to 

1 The agency is using the term “dressings for salad” throughout this document in lieu of the term “salad 

dressing” used by the petitioners because the standard of identity for “salad dressing” in 8 169.150 (21 CFR 164.150) 

refers to a limited class of dressings for salad, i.e., those that contain egg yolk and meet certain other specifications. 

“Salad dressing” as def;ned in Q 169.150 does not include a number of common types of dressings for salad, such 

as Italian dressing. 



submitted a request asking FDA to exercise its authorit$ under section 403 r1(7! of the act to 

make any proposed regulation for its petitioned health ciaim effective upon publication, pending 

consideration of public comment and publication of a final rule (Ref. ML On July 17, 2000, FDA 

and the plant stanol ester petitioner agreed to an extension of the deadline to publish a proposed 

regulation until September 6, 2000 (Ref. 17). 

In this interim final rule, the agency concludes that a health claim about plant steroVstano1 

esters and reduced risk of CHD should be authorized under the standard in section 403(r)(3)(B)(i) 

of the act and 5 101.14(c) of FDA’s regulations and should be made effective upon publication 

under section 403(r)(7) of the act, pending consideration of public comment and publication of 

a final regulation. The agency is requesting comments on this interim final rule. Firms should 

be aware that a final rule on this health claim may differ from this interim final rule and that 

they would be required to revise their labels to conform to any changes adopted in the final rule. 

23. Review of Preliminary Requirements for a Health Claim 

1. The Substances Are Associated With a Disease for Which the U.S. Population Is at Risk 

Several previous rules establish that CHD is a disease for which the U.S. popuiation is at 

risk. These include rules authorizing claims for dietary saturated fat and cholesterol and risk of,. 

CHD 8 101.75 (21 CFR 101.75)); fiber-containing fruits, vegetables, and grain products and risk 

of CHD (0 101.77); c luble fiber from certain foods and risk of CHD (0 101.81); and soy protein 

and risk of CHD (9 101.82). FDA stated in these rules that CHD remains a major public health 

problem and the number one cause of death in the United States. Despite the decline in deaths 

from CHD over the past 30 years, this disease is still exacting a tremendous toll in morbidity 

(illness and disability) and mortality (premature deaths) (Refs. 18 through 20). There are more 

than 500,000 deaths each year for which CHD is the primary cause, and another 250,000 deaths 

for which CHD is a contributing cause. About 20 percent of adults (male and female; black and 



white, ages 20 to ‘74 jears have blood total cholestero (‘ur strum cholesterol\ !:~els in the “hish 

risk” category itotal cholesterol greater than (>) 240 milligrms (mg) / deciliter (dLj and LDL 

cholesterol > lGOmg/dL) (Ref. 21). Another 31 percent-have “horderline high” cholesterol levels 

(total cholesterol between 200 and 239 mg/dL and L1,L cholesterol between 130 alid I59 iii&/’ 

dL) in combination with two or more other risk factors for Cl-ID. 

CHD has LI significant effect on health care costs. In 1999, total direct costs related to CHD 

were estimated at. $53.1 billion, and indirect costs from loss of productivity due to illness, disability, 

and premature deaths from this disease were an estimated $46.7 billion (Ref. 22). Based on these 

facts, FDA concludes that, as required in 3 101.14(b)(l), CHD is a disease for which the U.S. 

population is at risk. 

2. The Substances Are Food 

The substances that are the subject of this interim final rule are plant sterol esters and plant 

stanol esters (Refs. 1 through 4 and 8 through 14). 

a. Plant sterol esters. The substance that is the subject of the plant sterol ester petition is 

a mixture of plant sterols esterified to food-grade fatty acids. The sterols are primarily (beta- 

sitosteroi, campesterol, and stigmasterol and are extracted from piant sources (Ref. 1, page 6). 

Plant sterols occur wideIy throughout the plant kingdom and are present in many edible fruits, 

vegetables, nuts, seeds, cereals, and legumes (Refs. 23 and 24). The plant sterols in foods may 

occur as either the free sterol or esterified with a fatty acid. 

Several studies have estimated dietary plant sterol intake. From a population in the Los 

Angeles area, Nair et al. (Ref. 25) found that plant sterol (beta-sitosterol and stigmasterol) intake 

ranged from 77.9 mg/d in the general population to 343.6 mg/d in lacto-ovo vegetarians. The 1991 

British diet was estimated to contain about 158 mg/d of sterols (beta-sitosterol, stigmasterol, and 

carnpesteiol) (Ref. 26). Scandinavian vegetarians consume, on average, 513 mg/d and 

nonvegetarians 398 mg/d (Ref. 27). Plant sterol intake in the Japanese diet has been estimated 

at 373 mg/d (Ref. 28). In an analysis of diets of participants in the Seven Countries Study, deVries 



Jones (Ref. 30) estimated average U.S. intake at 30 rng/d: it \-\‘a~ ~pl-‘culat~ci that this leL,el was 

doubled among vegetarians. Thus, plani ~t~rol~ are a ,onstitut’nt of thy diet for Americans and 

other population groups. 

According to the plant sterol ester petitioner, the solubility of free sterols in oil is only 2 

percent, but the solubility of sterol esters in oil exceeds 20 percent (Ref. 1, pages 14 and 99). 

Therefore, the free plant sterols are esterified with fatty acids from sunflower to improve solubility. 

The petitioner also notes that improved soIubility of plant sterols creates a palatable product and 

is associated with more uniform distribution in the product and in the gastrointestinal tract (Ref. 

1, page 14). In vegetable oils, typically between 25 and 80 percent of the steroI is in the ester 

form (Refs. 3 1 through 34). One gram of plant sterols is equivalent to about 1.6 g of plant sterol 

esters (Refs. 3.5 and 36). 

Under 8 101.14(b)(3)(i), the substance that is the subject of a health claim must contribute 

taste, aroma, or nutritive value, or any other technical zffect Iisted in 0 170.3(o) (21 CFR 170.3(o)), 

to the food and must retain that attribute when consumed at the levels that are necessary to justify 

a claim. Plant sterol esters do not contribute taste, aroma, or any other technical effect listed in 

5 170.3(o), and thus the plant sterol esters must contribute nutritive \,alue to meet the requirement 

in 0 101.14(b)(3)(i). 

The term ‘nutritive value’ is defined in $ 101.14(a)(3) as “value in sustaining human existence 

by such processes as promoting growth, replacing loss of essential nutrients, or providing energy.” 

In the proposed rule entitled ‘ ‘LabeIing; General Requirements for HeaIth Claims for Food” (56 

FR 60537, November 27, 1991), FDA proposed this definition and explained its interpretation of 

n&tive Value in the context of whether a substance is ;: food and thus appropriately the subject 

of a health claim (56 FR 60537 at 60542). The agency indicated that the definition was formulated 

based on the common meaning of the words that make up the term “nutritive value.” The agency 



evaIuatiq future pcfitions. In the final rule adoptins the propow~i kfinition. the rtgcncy noted 

that the evaluation of the nutritive value of substancc.c tfro\iid be done on a case-by-case basis 

to best ensure that the definition retains its intended flexibility (58 FR 2478 at 2488). In a 

subsequent final rule on health claims for dietary supplements (59 FR 395 at 407), FDA further 

explained that n*Jtritive value “includes assisting in the efficient functioning of classical nutritional 

processes and of other metabolic processes necessary for the normal maintenance of human 

existence. ’ ’ 

The scientific evidence suggests that the cholesterol-lowering effect of plant sterol esters is 

achieved through an effect on the digestive process (Ref. 1, pages 62 through 64). The digestive 

process is one of the metabolic processes necessary for the normal maintenance of human existence. 

Therefore, the agency concludes that the preliminary requirement of 8 101.14(b)(3)(i) is satisfied. 

b. Plant stanol esters. The substance that is the subject of the plant stanol ester petition is 

a mixture c’ plant stanols esterified to food-grade fzitty acids. The stanols are primarily sitostanol 

and campestanol and may be derived from hydrogenated plant sterol mixtures or extracted from 

plant sources (Ref. 8, page 18). Sitostanof and campestanol occur naturally in small quantities 

in the lipid fractions of cereal grains such as wheat, rye, and corn (Refs. 37 through 39) and 

in vegetable oils such as corn and olive oil (Refs. 40 and 41). The average western diet provides 

20 to 50 mg of plant stanols daily (Ref. 42). 

According to the plant stanol ester petitioner, esterification of free stanols with fatty acids 

renders plant stanols readily soluble in foods and makes an effective vehicle for deiivery of plant 

stanols to the small intestine (Ref. 8, page 9). One gram of wood-derived plant stanols is equivalent 

to about i’.7 g of plant stanol esters (Ref. 43), and ! g of vegetable oil plant stanols is equivalent 

to about 1.8 g of plant stanol esters (Ref. 43). 



0 170.3(o), to the f‘ood axi must rc_ltain that attribute \\.h:n ~~II~IIII~~ at Ic~.ds that a-e necessary 

to justify a claim ($ 101.14(b)(3)(i)). Plant stanoi esters Jo not wntribute taste, aroma or any other 

technical effect listed in 8 170.3(o) and thus must contribute nutritive value to meet thi requirement 

in 8 101.14(b)(3)(i). The term “nutritive vaIue” is defined in 5 101.14(a)(3) as “value in sustaining 

human existence by such processes as promoting growth, replacing loss of essential nutrients, or 

providing energy. ’ ’ 

The scientific evidence suggests that the cholesterol-lowering effect of plant stanol esters is 

achieved through an effect on the digestive process (Ref. 8, pages 11 through 12). As discussed 

in section II.B.2.a of this document and in the final rule on health claims for dietary supplements 

(59 FR 395 at 407), nutritive value includes assisting in the efficient functioning of classical 

nutritional processes and of other metabolic processes necessary for the normal maintenance of 

human existence, such as digestive processes. Therefore, the agency concludes that the preliminary 

requirement of 6 101. I4(b)(3)(i) is satisfied. 

3. The Substances Are Safe and Lawful 

a. Plant sterol esters. The plant sterol ester petitioner asserts that plant sterol esters are 

generally recognized as safe (GRAS) for certain uses. In a submission dated January 11, 1999; 

the petitioner informed FDA of its conclusion that plant sterol esters are GRAS for use in vegetable 

oil spreads at levels tip to 20 percent (corresponding to I .6 g of plant sterol esters per serving) 

to supplement the nutritive value of the spread, and to help structure the fat phase and reduce 

the fat and water content of the spread. The January 11, 1999, submission included the supporting 

data on which this conclusion was based. FDA responded to this submission in a letter dated 

April 30, fi999 (Ref. 44). In its response, the agency stated, “Based on its evaluation, the agency 

has no questions at this time regarding Lipton’s conclusion that vegetable oiI sterol esters are 

GRAS under the intended conditions of use. Furthermore, FDA is not aware of any scientific 



use of plant stem: esters in dressings for salad (Ref. 4.5 ). The isrtcr contained additional safety 

information to support the new use. 

The agency notes that authorization of a health claim for a substance should not be interpreted 

as affirmation that the substance is GRAS. A review of Lipton’s January 1 I, 1999, submission 

and of its September 24, 1999, letter to the agency, however, reveals significant evidence supporting 

the safety of the use of plant sterol esters at the levels necessary to justify a health claim. Moreo;rer. 

FDA is not aware of any evidence that provides a basis to reject the petitioner’s position that 

the use of plant sterol esters in spreads and dressings for salad up to 1.6 g/serving is safe and 

lawful. As discussed in section V.B of this document, the level of plant sterol esters necessary 

to justify a claim is 1.3 g per day. Therefore, FDA concludes that the petitioner has satisfied 

the requirement of 0 lOI.I4(b)(3)(ii) to demonstrate that the use of pIant stero1 esters in spreads 

and dressings for salad at the levels necessary to justify a claim is safe and lawful. 

b. Plant stand esters. Under the health claim petition process, FDA evaluates whether the 

substance is “safe and lawful” under the applicable food safety provisions of the act 

(8 lOl.l4(b)(3)(ii)). For conventional foods, this evaluation involves considering whether the 

ingredient that is the source of the substance is GRAS, listed as a food additive, or authorized 

by a prior sanction issued by FDA (see 8 IO1.7O(f)). Dietary ingredients in dietary supplements, 

however, are not subject to the food additive provisions ,~f :I., act (see section 201(s)(6) of the 

act (21 U.S.C. 321(s)(6)). Rather, they are subject to the new dietary ingredient provisions in section 

413 of the act (21 U.S.C. 350b) and the adulteration provisions in section 402 of the act (21 

U.S.C. 342). The term “dietary ingredient” is defined in section 201 (ff)( 1) of the act and includes 

vitamins; minerals; herbs and other botanicals; dietary substances for use by man to supplement 



before October 15. f994 (section 413(c) of the act). i; a dietary suppleaent contains a new dietary 

ingredient that has not been present in the food supply as an article used for food in a form in 

which the food has not been chemically altered, section 413(a)(2) of the act requires the 

manufacturer or distributor of the supplement to submit to FDA, at least 75 days before the dietary 

ingredient is introduced or delivered for introduction into interstate commerce, information that 

is the basis on which the manufacturer or distributor has concluded that a dietary supplement 

containing such new dietary ingredient will reasonably be expected to be safe. FDA reviews this 

information to determine whether it provides an adequate basis for such a conclusion. Under section 

413(a)(2) of the act, there must be a history of use or other evidence of safety establishing that 

the dietary ingredient, when used under the conditions recommended or suggested in the labeling 

of the dietary supplement, will reasonably be expected to be safe. If FDA.believes that this 

requirement has not been met, the agency responds to the notification within 75 days from the 

date of its receipt. Otherwise, no response is sent. If a new dietary ingredient notification has 

been submitted and a history of use or other evidence of safety exists that establishes a reasonable 

expectation of safety, the new dietary ingredient may be lawfully marketed in dietary supplements 

75 days after the notification is submitted. 

As previously noted, the plant stanol ester petitioner requested authorization to make a health 

claim about plant stanol esters and the risk of CHD in :he Iabeling of both conventional foods 

and dietary supplements. Because the standards under which the safety and legality of conventional 

foods and dietary supplements are evaluated differ, the agency is discussing these two proposed 

uses separ^ately. 

i. Conventiona foods. The plant stanol ester petitioner asserts that plant stanol esters are 

GRAS. In a submission dated February 18, 1999, the petitioner informed FDA of its conclusion 



which this conc!usion ~vas based. FDA respond4 to this submission in a letter dated May 17, 

1999 (Ref. 46). In its response, the agency stated, “Based on its evaluation, the agency has no 

questions at this time regarding McNeil’s conclusion that plant stanol esters are GRAS under the 

intended conditions of use. Furthermore,‘FDA is not aware of any scientific evidence that plant 

stanol esters would be harmful. The agency has not, however, made its own determination regarding 

the GRAS status of the subject use of plant stanol esters” (Ref. 46). The petitioner’s GRAS 

determination applies to plant stanol esters whose stanol components are prepared by the 

hydrogenation of commercially available plant sterol blends, which are obtained as distillates from 

vegetable oils or as byproducts of the kraft paper pulping process (Ref. 46). In letters dated July 

21, 1999, and October 13, 1999, the petitioner informed FDA of additional uses of plant stanol 

esters in dressings for salad and snack bars (Refs. 47 and 48). 

The agency notes that authorization of a health claim for a substance should not be interpreted 

as aff%mation that the substance is GRAS. A revie& of McNeil’s February 18, 1999, submission, 

however, reveals significant evidence supporting the safety of the use of plant stanol esters at 

the levels necessary to justify a health ciaim. Moreover, FDA is not aware of any evidence that 

provides a basis to reject the petitioner’s position that the use of plant stanol esters in spreads, 

dressings for salad, snack bars, and other foods is safe and lawful. FDA therefore concludes that 

the petitioner has satisfied the requirement of 0 lOl.l4(b)(3)(ii) to demonstrate that the use of plant 

stanol esters in conventional foods at the levels necessary to justify a claim is safe and lawful. 

ii. Dietary supplements. The petitioner submitted a new dietary ingredient notification for plant 

stanol esters on August 19, 1999.* The new dietary ingredient notification contained several papers 

2 The notification states that McNeil does not believe plant stanol esters to be a new dietary ingredient requiring 

stibmission of a premarket notification, but that McNeil is voluntarily submittiug the information that would be 
Continued 



supplement containing plant stanol esters would reasonably be expected to be safe. Therefore, the 

agency did not respond to the new dietary ingredient notification. Because the safety standard 

in section 413(a)(2) of the act has been met and the new dietary ingredient notification was’ 

submitted more than 75 days ago, plant stanol esters may now be lawfully marketed as dietary 

ingredients in dietary supplements. Therefore, FDA concludes that the petitioner has satisfied the ’ 

requirement of 0 lOl.l4(b)(3)(ii) to demonstrate that the use of plant stanol esters in dietary 

supplements at the IeveIs necessary to justify a claim is safe and lawful. 

III. Review of Scientific Evidence of the Substance-Disease Relationship 

A. Basis for Evaluating the Relationship Between Plant SteroUStanol Esters and CHD 

FDA’s review examined the relationship between plant sterol/stanol esters and CHD by 

focusing on the effects of dietary intake of this substance on blood cholesterol levels and on the 

risk of developing CHD. In the 1991 lipids-CVD dnd dietary fiber-CVD health claim proposals, 

the agency set forth the scientific basis for the relationship between dietary substances and CVD 

(56 FR 60727 at 607?8 and 56 FR 60582 at 60583). In those documents, the agency stated that 

there are many risk factors that contribute to the development of CVD, and specifically CHD, 

one of the most serious forms of CVD and among the leading causes of death and disability. 

The agency also stated that there is geneial agreement that elevated blood cholesterol levels are 

one of the major modifiable risk factors in the development of CVD and, more specifically, CHD. 

required as part of such a notification “for the purpose of providing the Food and Drug Administration with advance 

notice concerning its dietary ,ingredient” (Ref. 49). 
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S ;:veral Federal nsencies and scientific hodics th i h;\\,c> re\ imcd the rnaftcr have concluded 

that there is l;ubsta.ntj:~l epidemiologic evidence th;tt his11 h100tl in,\ L~h of total choltxterol and LDL 

cholesterol xc 3 c;~us~ of atherosclerosis and represent major contrifxitors to CHD (j6 FR 60727 

at 60728, j6 FR 60582 at 60583, Refs. 18 through ?(‘I. Factors that dccrrase tot:!1 ihol?~ti,~,: 

and LDL cholesterol will also tend to decrease the risk of CHD. High-intakes of saturated fat 

and, to a lesser degree, of dietary cholesterol are associated with elevaied blood total and LDL 

cholesterol levels (56 FR 60727 at 60728). Thus, it is generally accepted that blood total cholesterol 

and LDL cholesterol levels can in:fluence the risk of developing CHD, and, therefore, that dietary 

factors affecting these blood cholesterol levels affect the risk of CHD (Refs. 18 through 20). 

When considering the effect that the diet or components of the diet have on blood (or serum) 

lipids, it is important to consider the effect that these factors may have on blood Ievels of high 

density lipoprotein (HDL) cholesterol. HDL cholesterol appears to have a protective effect against 

CHD because it is involved in the reguiation of cholejterol transport out of cells and to the liver, 

from which it is ultimately excreted (Refs. 18 and 50). 

For these reasons, the agency based its evaluation of the relationship between consumption 

of plant steroVstano1 esters and the risk of CHD primarily on changes in blood total and LDL 

cholesterol resulting from dietary intervention with plant steroI/stanol ester-containing products. 

A secondary consideration was that beneficial changes in total and LDL cholesterol should not 

be accompanied by potentially adverse changes in HDL cholesterol. This focus is consistent with 

that used by the agency in deciding on the dietary saturated fat and cholesterol and CHD health 

claim, 3 101.75 (56 FR 60727 and 58 FR 2739); the fiber-containing fruits, vegetables, and grain 

products and CHD claim, 3 101.77 (56 FR 60582 and 58 FR 2552); the soluble fiber from certain 

foods and CHD claim, 6 101.81 (61 FR 296,62 FR 3584,62 FR 28234, and 63 FR 8119) and 

the soy prbtein and CHD claim, $101.82 (63 FR 6297’. and 64 FR 57700). 
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a. Plnr1t stt’l-d e.stc!r’\‘ iilld CFID. The nl2nt. c,*--0; :s~ers petitioner submitted 15 scientific studies 

(Refs. 5 I through 60, 6 1 and 62 (I study), 63 and 64 ! 1 study), and 65 Lhrough 67) evaluating 

the relationship between plant sterol esters or plant sterols and blood cholesterol levels in humans. 

The studies submitted were conducted between 1953 and 2000. The petition included tables that 

summarized the outcome of each of the studies and a summary of the evidence. 

The plant sterol ester petitioner states that since plant sterol esters are hydrolyzed to free 

sterols and fatty acids in the gastrointestinal tract (see Refs. 68 through 70), and free sterols are 

the active moiety of plant sterol esters (see Refs. 69 and 7 l), the literature on free plant sterols 

has a direct bearing on this petition (Ref. 1, page 14). The agency agrees that the active moiety 

of the plant sterol ester is the plant sterol and has concluded that studies of the effectiveness of 

free plant sterols in blood cholesterol reduction are retevant to the evaluation of the evidence in ,. . . 

the plant sterol esters petition. Accordingly, FDA included such studies in its evaluation of the 

relationship between plant sterol esters and reduced rick of CHD if they met the study selection 

criteria specified in section III.B.2 of this document. 

In several previous diet and CHD health claim rulemakings, the agency began its review of 

scientific evidence in support of the health claim by considering those studies that were published 

since 1988, the date of pub!ication of the “Surgeon General’s Report on Nutrition and Health” 

(Ref. IS), which is the most recent and comprehensive Federal review of the scientific evidence 

on dietary factors and CHD. That approach was not possible in this instance, however, as the 

“Surgeon General’s Report on Nutrition and Health ” does,not discuss the effects of dietary plant . ,. 

sterols or plant sterol esters on blood cholesterol or C$ID. A &sc~ussion ofthe,.role”of,di~~.~ 

sterols in CHD does appear in another roughly contemporaneous source, the National Academy 

Press publication “Diet and Health: Implications for Reducing Chronic ,Disease Risk” (Ref. 19), 

which was issued in 1989. That publication states: 
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[,ong ago, plant stero\s (beta-sitosterol and related cr,qwund;‘r ~i.er, found 10 pI-CVCrlt Z!Xorption of 

1977; Petersor et al.. 1959). apparently by blocking absnr-p\~on of cholesterol in the intestine (Davis, 1955; 

Grundy and Mok, 19’,‘7; Jandacek et al., 1977; Mattson er al.. 1977). More recent reports indicate that 

these compounds may be more effective in small doses than previously believed (Mattson et al., 1982). 

This discussion : hirrhli&htb ‘the %-cwinllc and clwt-ent emrjhasis of research OIY ,‘1~‘lll~‘~L” L..Y F’” v *v-- ---- ---_____ __-_=~~.~.~~ ! the topic. Investigations 
,- _ 

in the 1950’s reported the.effects of plant sterols on cholesterol absorption using animal models 

and in a few human studies; work in the 1970’s examined beta-sitosterol in the form of a drug 

product to lower cholesterol in humans. In fact, beta-sitosterol is approved for use as a drug to 

lower cholesterol (Refs. 72 and 73). More recent research has focused on smaller amounts of plant 

sterols that are solubilized as fatty acid esters of plant sterols in food products. The agency considers 

the older research to be of little relevance to the petitioned health claim because it concerned 

forms and amounts of the substance different from those that are the subject of the petition. \_ii _, , .( , 

Therefore, FDA included in its review only those studies published from 1982 (the date the National 

Academy I=fess publication refers to for the more rebent research reports (Ref. 19)) to the present 

among those submitted by the petitioner (Refs. 5 1, 52, 57, 58, 61 and 62 (1 study), 63 and 64 

(1 study), 65, and 67). In addition to eight studies submitted by the petitioner, FDA also considered 

two other studies (Refs. 74 and 75) concerning the effects of plant sterol esters on blood cholesterol. 

These two studies were identified by a literature search (Ref. 76) performed to verify that the 

totality of publicly available scientific evidence had been submitted to the agency. 

In addition to the human studies previously discussed, the plant sterol esters petition also 

presented some findings from studies that employed animal models. Human studies are weighted 

most heavily in the evaluation of evidence on a diet and,disease reIatjonr@p; animal model studies , . . j . .,_ 

can be cousidered as supporting evidence but cannot‘serve as the sole basis for establishing that 

a diet and disease relationship exists. Because there were enough well-controlled studies in humans 
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to evaluare Lake relationship between plant sterol ester:, +. tnd CHD ‘7r?rA au 1101 closely review 

the studies in animds. 

b. Plmr .wrml CS~CV.S md CHD. The plant stanol c :ter petitioner suhmitted 2 1 scientiftc. studies 

(Refs. 63 and 64 (I study), and 67, 77 through 80, 8 1 arid 52 (I study), and 83 through 96) 

evaluating the relationship between plant stanol esters or plant stanols and blood cholesterol levels 

in humans. The studies submjtted.were conducted between 1993 and 2000. The petition included .~ 

tables that summarized th.e outcome of each of the studies and ? summary of the evidence. 

Stan01 esters are hydrolyzed. in the gastrointestinal tract to fatty acids and free stanols, and 

investigators believe there is physiological equivalence of free stanoIs and stanol esters in affecting 

blood cholesterol concentrations. Accordingly, the agency concludes that studies of the effectiveness 

of free plant stanols in blood cholesterol reduction are relevant to the evaluation of the relationship 

between plant stanol esters and reduced risk of CHD when such studies meet the study selection 

criteria specified in section III.B.2 of ,this document. 

In severa previous diet and CHD health claim rulemakings, the agency began its review of 

scientific evidence in support of the health claim by considering those studies that were pubiished 

since 1988, the date of publication of the “Surgeon General’s Report on Nutrition and Health” 

(Ref. 18), which is the most recent and comprehensive Federal review of the scientific evidence 

on dietary factors and CHD. The “Surgeon General’s Report on Nutrition and Health,” however, 

did not discuss the effects of dietary plant stanol esters on blood cholesterol or CHD. Although 

a discussion of the rote of dietary sterols in CHD appears in the 1989 National Academy Press 

publication “Diet and Health: Implications for Reducing Chronic Disease Risk,” there is no 

mention of plant stanol esters in this publication (Ref. 19). In fact, research on the cholesterol- 

lowering capacity of plant stanol esters has been a recent development. The agency used 1992 

as a starting point for its scientific evaluation, because this is the year that the earliest study 

evaluating the effects of plant stanol esters on blood cholesterol was published. The agency included 

in its review 24 studies published from 1992 to present that were submitted by the petitioner or 
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otherwicc- ‘%kfied (Refs. 58, 63 and 64 (,I study, 1, 6’. 7-t. 77 through 80, o i and 83 (1 study), 

and 83 through 97). Of these, L 3 1 studies (Ref’s. 63 ancl 54 (1 stzC; ,. 57, 77 through 80, 81 and 

82 (1 study), and 83 through 96) were submitted by the pctitioncr. Two studies (Refs. 74 and 

97) were identified by a literature search (Ref. 76) p.zrformed to verify that the totality of publicly 

available scientific evidence had been submitted to the agency. In addition, one recently published 

study that was submitted in the plant sterol esters petition included administration of plant stanol 

esters (Ref. 58). This study was included in the plant stanol ester review. 

In addition to the published studies previously discussed, the plant stanol ester petitioner 

submitted a summary of 10 unpublished studies (Ref. 8, pages 59 through 69). The unpublished 

studies did not weigh heavily in the agency’s review because health claims are authorized based 

on the totality of publicly available scientific evidence (see section 403(r)(3)(B)(i) of the act and 

$ 101.14(c)) and because the summaries of these studies lacked sufficient detail on study design 

and methodologies. 

2. Criteria for Selection of Human Studies on Plant SteroVStanol Esters and CHD 

The criteria that the agency used to select the most pertinent studies in both health claim 

petitions were consistent with those that the agency used in evaluating the relationship between 

other substances and CHD. These criteria were that the studies: (I) Present data and adequate 

descriptions of the study design and methods; (2) be available in English; (3) include estimates 

of, or enough information to estimate, intakes of plant sterols or stanols and their esters; (4) include 

direct measurement of blood total cholesterol and other blood Iipids related to CHD; and (5) be 

conducted in persons who represent the general U.S. p0pu1~~~~~1. In the case of criterion (5), these 

persons can be considered to be adults with blood total cholesterol 1eveIs Iess than 300 mg/dL, 

as explained below. 

In a previous rulemaking (62 FR 28234 at 28238 and 63 FR 8 103 at 8107), the agency 

concluded that hypercholesterolemic study populations were relevant to the general population 

because, based on data from the National Health and Nutrition Examination Surveys (NHANES) 



III, the przr- I!ence of individuak with elevated bloo~t cholesterol (i.e., 2;“ :ng/dL or grcaterj is 

high, i.e.. qi,,tiximatcly 5 1 percent of adults (Ref. 2 I ,. The proportion u1 LLJul~s having moderately 

elevated blood cholesterol levels (i.e., between 300 wil 339 mg/dI,) ~vas estimated to bc 

approximately 3 1 percent, and the proportion of adul :s with high blood cholesterol levels (240 

mg/dL or greater) was estimated to be approximatefy 20 percent (Ref. 21). It is also estimated 

that 52 million Americans 20 years of age and older would be candidates for dietary intervention 

to lower blood cholesterol (Ref. 21). As the leading cause of death in this country, CHD is a 

disease for which the general U.S. population is at risk. Since more than half of American adults 

have mildly to moderately elevated blood cholesterol levels, FDA considers studies in these 

populations to be representative of a large segment of the general population. Accordingly, in this 

rule, the agency has reviewed and considered the evidence of effects of plant sterol/stanoi esters 

on blood cholesterol in mildly and moderately hypercholesterolemic subjects as well as subjects 

with cholesterol levels in the normal range. 

In selecting human studies for review, the agency excluded studies that were published in 

abstract form because they lacked sufficient detail on study design and methodologies, and because 

they lacked necessary primary data. Studies using special population groups, such as adults with 

very high serum cholesterol (mean greater than 300 mg/dL), children with hypercholesterolemia, 

and persons who had already experienced a myocardiai infarction (heart attack) or who had a 

diagnosis of noninsulin dependent diabetes mellitus, were also excluded because of questions about 

their relevance to the genera1 U.S. population. 

3. Criteria for Evaluating the Relationship Between Plrnt SteroVStanoI Esters and CHD 

The evaluation of study design, protocol, measurement, and statistical issues for individual 

studies serves as the starting point from which FDA determmes the overall strengths and 

w:akness& of the data and assesses the weight of the evidence. FDA’s “Guidance for Industry: 

Significant Scientific Agreement in the Review of Health Claims for Conventional Foods and 

Dietary Supplements” articulates the agency’s approach to evaluating studies supporting diet/ 



disease relatic....,hips (Ref. 98). The criteria that th L aycn:y used in CL .,l,,nting the studies for this 

rulemaking inci&: (1) Atleyuaq~ and clarity of tllc design CL’.~., was the mc;ilodology used in 

the study clearly described and appropriate for ans\.\.ering the questions posed by the study’?); (2) 

population studied (e.g., was the sample size large enough to provide sufficient statistica power 

to detect a significant effect?); (3) assessment of intervention or exposure and outcomes (e.g., was 

.’ the dietary intervention or exposure well defined and appropriately measured?); and (4) statistical / ,. 
,:. .._ 

_“_ methods (e. g., were appropriate s&istfcai “aniiysks applied to the data?). 

The general study design characteristics for which the ag’ency looked included selection criteria 

for’subjects, appropriateness of controls, randomization of subjects, blinding, statistical power of 

the studies, presence of recall bias and interviewer bias, attrition rates (including reasons for 

attrition), potential for misclassification of individuals with regard to dietary intakes, recognition 

and control of confounding factors (for example, monitoring body weight and control of weight 

loss), and appropriateness of statistica tests and comparisons. The agency considered whether the 

intervention studies that it evaluated had been of Iong enough duration, greater than or equal to 

3 weeks duration, to ensure reasonable stabilization’~of blood lipids. 

As discussed above, dietary saturated fat and :hoIesteroI affect blood cholesterol levels (Refs. 

I9 and 20). Previous reviews by FDA and other scientific bodies have generally concluded that, 

in persons with relatively higher baseline IeveIs of blood cholesterol, responses to dietary 

intervention tend to be of a larger magnitude than is seen in persons with more normal blood 

cholesterol levels (56 FR 60582 at 60587 and Refs. 19 and 20). To take into account these factors, 

FDA separately evaluated studies on mildly to moderately hypercholesterolemic individuals 

(persons with elevated blood total cholesterol levels of 200 to 300 mg/dL) and studies on 

normocholesterolemic individuals (persons with blood total cholesterol ievels in the normal range 

(< 200 m$dL)). FDA also separately evaluated studies in which the effects of plant steroVstano1 

esters were evaluated as part of a “typical” American diet (approximately 37 percent of calories 

from fat, 13 percent of calories from saturated fat, and more than 300 mg of cholesterol daily) 
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and studies in *’ ’ I, ..ich the test protocols incorporated a dietar) L,z$men that lir:.:ts fat intake such 

as the National Heart, Lung, and 131ood Institute’s Natlctnal Cholesterol Education Program Step 

I Diet (intake of 8 to IO percent of total calories from s?turated fat , 30 perWllt or less of calories 

from total fat, and cholesterol less than 300 mg/d) (Ref. 99). 

C. Review of Humun Studies 

1. Studies Evaluating the Effects of Plant Sterol Esters on Blood Cholesterol 

As discussed in section III. B.1.a of this document, FDA reviewed 10 human clinical studies 

on plant sterol esters or other plant sterols (Refs. 51, 52, 57, 58, 61 and 62 (1 study), 63 and 

64 (1 study), 65, 67, and 74 and 75). Of these, nine met the selection criteria listed in section 

III.B.2 of this document (Refs. 51, 57, 58, 61 and 62 (1 study), 63 and 64 (1 study), 65, 67 

and 74 and 75). These studies are summarized in table 1 at the end of this document and discussed 

below. The remaining study (Ref. 52) failed to meet the inclusion criteria because the population 

studied (children with familial hyperchoiesterolemia) was not representative of the general U.S. 

popuiation. As supporting evidence, the results of one research synthesis study (Ref. 100) that 

included a number of the plant sterol ester studies submitted in the petition are discussed in section 

1II.C. 1 .d of this document. 

Studies typically report the amount of free plant sterol consumed rather than the amount of 

plant sterol ester administered. Where possible, we report both the amount of plant sterol ester 

and the equivalent fr-,: sterol. 

(a) Hypercholesterolemics (serum cholesterol c 300 mg/dL): low saturated fat and cholesterol 

diets. One study was submitted as a draft in the plant sterol esters petition because it has been 

submitted for publication, but has not yet been published other than in abstract form (Ref. 62). 

FDA reviewed this study but considers the results’preliminary until a full report of the study has . 

been published. The preliminary results in this study (Refs. 61 and 62 (1 study)) showed a 

cholesterol-reducing effect of plant sterol esters in hypercholesterolemic subjects who consumed 
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soybean oil st~oi esters as part of a low saturateu fat ; nd low cholesterof d~zt. In this study, 

224 men and Lvomen with miid-to-moderate hyperch(:)i,l~teroleni;.. .,,. Ttructed to follow a National 

Cholesterol Education Program Step I diet were t-andon-rly assigned to oil2 of three groups: (I) 

control reduced-fat spread, (2) reduced-fat spread con.aining 1.76 g/d of plant stcroi esters I ;. : 

g/d free plant sterols) (low intake group), or (3) reduced-fat spread containing 3.52 g/d of plant 

sterol esters (2 2 g/d free plant sterols) (high-intake test group). All subjects consumed 14 g/d 

of spread in two 7 g servings/day, with food. Subjects in the low- and high-intake groups who 

consumed “80 percent of scheduled servings had decreases in serum total cholesterol of 5.2 and 

6.6 percent, and LDL cholesterol of 7.6 and 8.1 percent, respectively, versus control (p<O.OOl). 

The difference between the two test groups with regard to serum total and LDL cholesterol levels 

was not statistically significant. HDL cholesterol responses did not differ among the groups. These 

preliminary results indicate that a plant sterol ester-containing reduced-fat spread, in a diet low 

in saturated fat and cholesterol, can reduce cholesterol. 

(b) Hypercholesterolemics (serum cholesterol < 300 mg/dL): “typical’ ’ or “usual’ ’ diets. Four 

studies (Refs. 57, 58, 67, and 74) show a relationship between consumption of plant sterols and 

reduced blood cholesterol in hypercholesterolemic subjects consuming diets within the range of 

a typical American diet. A fifth study (Refs. 63 and 64 (1 study)) shows inconclusive results. 

Jones et al. (Ref. 58) conducted a controlled feeding crossover study in which diets were 

based on a fixed-food North American diet formulated to meet Canadian recommended nutrient 

intakes. This study reported significantly lower plasma total cholesterol (9.1 percent, p < 0.005) 

and LDL cholesterol (13.2 percent, p < 0.02) in male subjects consuming 2.94 g/d vegetable oil 

sterol esters (1.84 g/d free plant sterols delivered in 23 g of margarine each day; daily margarine 

doses were divided into three equal portions and added to each meal) for 21 days compared to 

21 days on control margarine. Plasma HDL cholesterol did not differ across groups and there 

was no significant weight change shown by the subjects while consuming any of the margarine 

mixtures. 
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Hendriks et al. (Ref. 57) reported the effects of !ctxtin& three diff&rent levels of \~get;tble 

oil sterol esi,,s (I .33. 2.58: and 3.18 g/d correspondin, to 0.83. 1 .G I. alilL C .2-F g/d fret plant 

sterols, respectively) incorporated in spreads (35 g/d oI‘ spread rspiaced an equivalent amount of 

the spread(s) habitually wed; one-half x:15 c31::<;:.‘. ,zci x lunch, one-half at dinner) in apparently 

healthy normocholesterolemic and mildly hypercholeaterolemic subjects using a randomized, 

double-blind placebo-controlled balanced incomplete Latin square design with five treatments and 

four periods. The vegetable oil sterols were esterified to sunflower oil and the degree of 

esterification was 82 percent. Blood total and LDL cholesterol levels were reduced compared to 

the control spread (p <O.OOl) after 3.5 weeks. Blood total cholesterol decreased by 4.9, 5.9, and 

6.8 percent for daily consumption, of 1.33, 2.58, and 5.18 g/d plant sterol esters, respectiveIy. For 

LDL cholesterol these decreases were 6.7, 8.5, and 9.9 percent. No significant differences in 

cholesterol-lowering effect between the three levels of plant sterol esters could be detected. There 

were no effects on I-IDL cholesterol. The subjects’ body weight differed after daily consumption 

of 2.58 and 5.18 g plant sterol esters by 0.3 kilogram (kg) (p < O.Ol), but this small difference 

in body weight’probably did not affect the study findings. 

Another study by Jones et al. (Ref. 74) investigated the effects of a mixture of plant sterols 

and plant stanols. The plant stanol compound sitostanol made up about 20 percent of the mixture 

by weight. The remaining sterol component of the mixture was composed mostly of the plant 

sterols sitostero1 and campesterol from tall oil (derived from pine wood). The investigators 

evaluated the cholesterol-lowering properties of this nonesterified plant sterol/stanol mixture in a 

controlled feeding regimen based on a ‘ ‘prudent, ” fixed-food North American diet formulated to 
. 

meet Canadian recommended nutrient intakes. Thirty-two hypercholesterolemic men were fed either 

a diet of prepared foods alone or the same diet plus 1.7 g per d of the plant steroVstano1 mixture 

(in 30 g/d-of margarine, consumed during 3 meals) for I: 0 days in a parallel study design. The 
/_I 

plant sterol/stanol mixture had no statistically significant effect on plasma total cholesterol 

concentrations. However, LDL cholesterol concentrations on day 30 had decreased by 8.9 percent 
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(p < 0.01) and 24.4 percent (p < 0.001) with the contii>l and 1‘1 J cl~; .;Lerol/stanoI-enriched diets, 

respectively. 0:; ,!ay 30, LDI... choIesteroI concentr,,tions \ver i significantly l::iver (p < 0.05) by 

15.5 percent in the group consuming the plant steroi/sr:mol mixture compared to the control group. 

HDL cholesterol concentrations did not change signi:‘icantly during the study. 

Weststrate and Meijer (Ref. 67) evaluated the effects of different plant sterols on plasma total 

and LDL cholesterol in normocholesterolemic and mildlv hvnercholesterolemic suhiectn cnnwmino 

iti@ .$ al@&‘@ placebo margarine: A randomized double-blind 

placebo-controlled balanced incomplete Latin square design with five treatments and four periods 

of 3.5 weeks was utilized to compare the effect of margarines (30 g/d) with added sterol esters 

from soybean oil (4.8 g/d; 3 g/d free plant sterol), sheanut oil (2.9 g/d) or ricebran oil (1:6 g/ 

d) or with plant stanol esters (4.6 g/d; 2.7 g/d free plant stanols) to a placebo margarine. The 

sterol esters from soybean oil were mainly esters from sitosterol, campesterol, and stigmasterol. 

Plasma total and LDL cholesterol concentrations were significantly reduced, by 8.3 and 13.0 percent 

(p < 0.05), respectively, compared to control, in the soybean oil sterol ester margarine group. 

., ‘, Similar reductions w&re,reported in the plant stanol .ester margarine group (see discussion of this 
>:.I 

study in section III. C.2.b of this document). Sterols from sheariut oil and rice bran oil did not 

have a significant effect on tiholestero1 levels. No effects on HDL cholesterol concentrations were 

reported in either the control or any of the test groups. The cholesterol-lowering effects of ingestion 

of plant sterol/stanoI esters on blood choIestero1 did not differ between normocholesterolemic and 

mildly hypercholesterolemic subjects. The ,authors concluded that both the margarine with plant 

stanol esters and the margarine with sterol esters from soybean oil were effective in lowering 

blood total and LDL cholesterol levels without affecting HDL cholesterol concentrations. The 

authors further suggested that incorporafiing such substances in edible fat-containing products may 
.._.( .:L,. 

substantially reduce the r&k ‘of cardiova&Iar disease in the population. 
T 

c .-. . . 

Two reports of apparently the same study (Refs. 63 and 64) gave inconclusive results regarding 

the relationship between plant sterol consumption and blood cholesterol levels. Interpret&ion of 
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this study is complicated by design issues such as conL.:rns abo~.~~ qle six and Ictrct of plant 

sterol administered, but both reports are discussed her2 L mci summarized in tabltz 1 of this document 

because they pro\,ide information to assist in determinin _ 2 the minimum level of plant sterol esters 

necessary to provide a health benefit. 

Miettinen and Vanhanen (Refs. 63 and 64 (1 study)) reported the effect of smaI1 amounts 

of sitosterol (700 mg/d free sterols) and sitostanol (700 mg/d free stanols) dissolved in 50 g 

rapeseed oil (RSO) mayonnaise on serum cholesterol in 3 1 subjects with hypercholesterolemia for 

9 weeks. Subjects did not change their diets except for replacing 50 g/d of dietary fat with the 

50 g/d of RSO mayonnaise. It appears that these authors later conducted another 9-week phase 

of the study using sitostanol esters (1.36 g/d plant stanol esters or 800 mg/d free stanols) dissolved 

in 50 g RSO mayonnaise. The results of this later phase were reported in the Miettinen reference 

(Ref. 63), together with the earlier results. The Vanhanen reference (Ref. 64) reports only the 

earlier results for sitosterol and sitostanol. The Vanhanen reference (Ref. 64) reports reduced serum 

total cholesterol concentrations (8.5 percent) during the RSO mayonnaise run-in period 

(stabilization period before the intervention begins) compared to values before the run-in period 

when combining all subjects. Continuation of RSO mavonnaise in the RSO mayonnaise control 

group (n=8) during the experimental period had no further effect on blood cholesterol (Refs. 63 

and 64). (“N” refers to the number of subjects.) Neither sitosterol (n=9) nor sitostanol (n=7) r 

significantly altered serum total cholesterol or LDL cholesterol concentrations compared to the 

RSO control group fn= 8) during the experimental period (Refs. 63 and 64). Sitostanol ester (n=7), 

however, significantly reduced serum total and LDL cholesterol levels compared to the RSO control 

group (Ref. 63). Furthermore, serum total cholesterol was significantly reduced by 4 percent (p 

< 0.05) during the experimental periodin an analysis, which compared the combined plant sterol/ 

stanol grc$ps (sitostanol, sitosterol, and sitostanol ester groups; n=23) to the RSO control group 

(n=8) (Ref. 63). HDL cholesterol did not change in the plant sterol group compared to the RSO 

control group (Ref. 63). 
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The ._ icy notes that it is dilflcult to decipher f:- tn the descriptions in ihw? reports the 

amount of plant stem1 that UYIS consumed and the ICI, t:j of cholc: ,%. i-lower-i nz that was observed, 

For ths sitosterol group, as an example. the method s x:/on states that 723 rng/d of sitosterol was 

added to the RSO mayonnaise, yet the abstract mentic:ns that the KS0 mayonnaise contained an 

additional 625 mg/d of sitosterol (Ref. 64). The result5 section of the Miettinen reference (Ref. 

63) notes that irl the combined plant steroVstano1 groups, total and LDL cholesterol levels were 

slightly but significantly decreased up to 4 percent, yet the abstract states that serum total 

cholesterol was reduced by about 5 percent in the combined plant sterol/stanol groups. Therefore, 

FDA considers the results in these reports inconclusive because of inconsistencies in the 

descriptions of methods and results. c 

(c) Normocholesterolemics: “typical ’ ’ or “usual” diets. The results of three studies (Refs. 

51, 65, and 75) support a cholesterol-lowering effect of plant sterols in subjects with normal 

cholesterol values. 

Ayesh et al. (Ref. 51), in a controlled feeding study, reported significantly lower serum total 

cholesterol (18 percent, p < 0.0001) and LDL cholesterol (23 percent, p < O.OOOI) in subjects 

consuming 13.8 g/d vegetable oil sterol esters (8.6 g/d free plant sterols delivered in 40 g of 

margarine each day consumed with breakfast and dinner under supervision) for 21 days in males 

and 28 days in females, compared to subjects consuming a control margarine. These results were 

calculated as the difference from baseline to days 21 for male and 28 for femaIe; analysis of 

covariance was adjusted for gender. There was no significant difference in effect on HDL 

cholesterol between control and plant sterol groups. 

In a double-blind crossover study, Sierksma et al. (Ref. 75) showed that daily consumption 

of 25 g of a spread enriched with free soybean oi1 sterols (0.8 g/d) for 3 weeks lowered plasma 

total and I”,DL cholesterol concentrations respectively by 3.8 percent (p < 0.05) and 6 percent 

(p < 0.05) compared with a placebo spread. No effect on plasma HDL cholesterol was found. 

Subjects followed their usual diets, except that they replaced their usual spread with the test or 
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placebo SPY-,!. The. investigators also tested sheanut-<,.\ sterols (3.3 g/d! ‘I~ 75 g of sprwd and 

found r.hat tl:,; sheanut-oil spkad did not loiver plasma .>>tai and LDL ch<jl-. :erol levels. The 

sheanut-oil sterols wcrc primarily phenolic xid esters oj’l,l-dimerhyl sterols. \\,hereas the soybean- 

oil product contained 4-desmethyl sterois (the class OI ::tcrols containing no methyl group at the 

carbon 4 atom). The structure of 4-desmethyl sterols is more similar to cholesterol than the structure 

of 4,4-dimethyl sterols. The investigators stated that soybean-oil sterol structural similarity to 

cholesterol may offer increased competition with cholesterol for incorporation in mixed micelles, .I 

the most likely mechanism for the blood cholesterol-lowering action of plant sterols. 

Pelletier et al. (Ref. 65) reported reductions in blood total cholesterol (10 percent, p < 0.001) 

and LDL cholesterol (15 percent, p < O.OOl), compared to a control period, in subjects consuming 

740 mg/d of soybean oil sterols (nonesterified) in 50 g/d of butter for 4 weeks. These results 

were obtained in a crossover experiment in 12 normocholesterolemic men consuming a controlled, 

but “normal” diet. The total fat intake as a percent of energy was 36.4 percent during both the 

control and the plant sterol-feeding period. The choIestero1 intake during the control period was 

436 mg/d; it was 410 mg/d during the plant sterol-feeding period. The diets were designed to 

have a plant sterol to cholesterol ratio of 2.0, which has repeatedly been shown to affect cholesterol 

levels in various animal models. There was no significant difference in effect on HDL cholesterol 

between control and plant sterol groups. 

(d) Other studies: research synthesis study. FDA considered the results of a March 25, 2000, 

research synthesis study by Law (Ref. 100) of the effect of plant sterols and stanols on serum 

cholesteroi concentra;;ons. While evaluation of research synthesis studies, including meta-analyses, 

is of interest, the appropriateness of such analytical techniques in establishing substance/disease 

relationships has not been determined. There are ongoing efforts to identify criteria and critical 

factors to$onsider inboth conducting and using such analyses, but standardization of this 

methodology is still emerging. Therefore, this research synthesis study was considered as supporting 



sterol/stanoI ejt,,‘:j and CHD. 

Law performed a research synthesis analysis of‘ rhc effect of plant steroIs and stanols on serum 

cholesterol concentrations by pooling data from randomized trials identified by a Medline search 

using the term “plant sterols.” 1 ,aw obtained additional data for analysis from other studies cited 

in papers and review articles. A total of 14 studies that employed either a parallel or crossover 
, ‘. . -_ ., 

design were incorporated in the,analysis, consisting of 20 dose comparisons of either plant sterols 
.,-: 

or plant stanols to a control vehicle. The data described the effects on serum LDL cholesterol 

concentrations obtained from using spreads (or in some cases, mayonnaise, olive oil, or butter) 

with and without added plant sterols or stanols. Studies that included children with familial 

hypercholesterolemia were excluded from the research synthesis analysis. Law included in the 

research synthesis analysis study populations with severe hypercholesterolemia (mean serum total 

cholesterol greater than 300 mg/dL) and study populations with previous myocardial infarction 
1 

or noninsulin dependent diabetes mellitus, as well as study populations with mildly and moderately 

hyperchoiesterolemic and/or normal cholesterol contientrations. 

Based on the placebo-adjusted reduction in sc.=m LDL cholesterol, the analysis indicated that 

2 g of plant sterol (equivalent to 3.2 g/d of plant steroi esters) or plant stanol (eqGvalent to 3.4 

g/d of plant stanol esters) added to a daily intake of spread (or mayonnaise, olive oil, or butter) 

reduces serum concentrations of LDL cholesterol by an average of 20.9 mg/dL (0.54 millimole 

per liter (mmol/I)) in people aged 50 to 59 (p=O.O05), 16.6 mg/dL (0.43 mmoU1) in those aged 

40 to 49 (p=O.OOS), and 12.8 mg/dL (0.33 mmol/I) in those aged 30 to 39 (p=O.OOS). The results 

indicated that the reduction in the concentration of LDL cholesterol at each dose is significantly 

greater in older people versus younger people. The reductions in blood total cholesterol : ,:% i -_, , ,, .,. 
concentra$ons were similar to the LDL cholesterol reductions and there’was little change in serum 

concentrations of HDL cholesterol. The results of this analysis also suggested that doses greater 



than about L g of plant sterol (3.2 g/d of plant stw-I csl~:r-5) c :_ sMw1 (3.-F g/c’ !f plant stanol 

esters) per day would n~)t result irl further reduction in l-DL cholesterol (Ref. 100). 

Ubservational studies and randomized trials concer:~in, 0 the reiationship btztlveen serum 

cholesterol and the risk of heart disease (Ref. 10 I j indicate that for people aged 50 to 59, a 

reduction in LDL cholesterol of about 19.4 mg/dL (0.2 mmoi/l) translates into a 25 percent 

reduction in the risk of-heart disease-after &out 2 years. Studies administering plant sterols and 

stanols have demonstrated the potential to provide this protection. According to Law, the 

cholesterol-lowering capacity of plant sterols and stanols is even larger than the effect that could 

be expected to occur if people ate less animal fat (or saturated fat) (Ref. 100). 

(e) Summary. In one preliminary report of hypercholesterolemic subjects consuming a low 

saturated fat and low cholesterol diet (Refs. 61 and 62 (1 study)), plant sterol ester intake was 

associated with statistically significant decreases in serum total and LDL cholesterol levels. Levels 

of HDL cholesterol did not change during plant sterol consumption compared to controls. Levels 

of plant sterol ester found to be effective in lowering serum total and LDL cholesterol levels, 

in the context of a diet low in saturated fat and cholesterol, were reported to be 1.76 and 3.52 

g/d (1.1 and 2.2 g/d of free plant sterol) (Refs. 6 1 and 62 (1 study)). 

In four (Refs. 57, 58, 67, and 74) of five (Refs. 57, 58, 67, 74, and 63 and 64 (1 study)) 

studies of hypercholesterolemic subjects consuming “usual” diets that were generally high in total 

fat, saturated fat and cholesterol, plant sterol intake was associated with statistically significant 

decreases in blood tot?! and/or LDL, choiesterol ievels. Levels of HDL cholesterol were ,found 

to be unchanged by consumption of diets containing plant sterol (Refs. 57, 58, 67, 74, and 63 

and 64 (1 study)). Levels of plant sterol ester found to be effective in lowering blood total and/ 

or LDL cholesterol levels, in the context of a usual diet, ranged in these studies from 1.33 (Ref. 

57) to 5.18-g/d (Ref. 57) (equivalent to 0.83 to 3.24 g/d of free plant sterol). 

The results of one study in hypercholesterolemic subjects consuming “usual” diets (Refs. 

63 and 64 (1 study)) are inconclusive; this may be due to lack of statistical power (e.g., sample 
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size tC3 small to detect the hypothesized difference be’iveen groups) or too 1~ a dose of plant 

sterols to provide an effect. As previously discussed, tk.2 descril;L, . . . . of methods and results also 

were inconsistent and difficult to interpret. These investigators report no effect of 700 mg/d of 

plant sterol (equivalent to 1.12 g/d of plant sterol estc sj on blood cholesterol le\4s. HOWL ILL. 

when the results of three test groups (700 mg/d plant sterol, 700 mg/d plant stanol, 1.36 mg/ 

d plant stanol ecter) were pooled and compared to a control group, a statistically significant effect . ,-c, 

on reducing,serum total cholesterol emerged, perhaps because the increased number of subjects -4: i .i ,‘. ., :., i 

in this pooled analysis artificially increased the a.bility to detect a difference. 

In three of three studies (Refs. 51, 65, and 75) of healthy adults with normal blood cholesterol 

levels consuming a “usual” diet, plant sterol intake was associated with statistically significant 

decreases in both blood total and LDL cholesterol levels. HDL cholesterol levels were not 6 

significantly affected by plant sterol intake. Levels of plant sterol found to be effective in lowering 

blood total and LDL cholesterol ranged in these studies from 0.74 (Ref. 65) to 8.6 g/d (equivalent 

to 1.2 to 13.8 g/d of plant sterol esters) (Ref. 51). 

Based on these studies, FDA finds there is scientific evidence for a consistent, clinically 

significant effect of plant sterol esters on blood total and LDL cholesterol. The cholesterol-lcwering 

effect of piant sterol esters is consistent in both mildly and moderately hyperchoIesterolemic 

populations and in populations with normal choles;erol concentrations. The cholesterol-lowering 

effect of plant sterol esters has been reported in addition to the effects of a low saturated fat 

and low cholesterol diet. It has been consistently reported that plant sterols do not affect HDL 

cholesterol levels. These conclusions are drawn from the review of the well controlled clinical 

studies and are supported by the research synthesis study of Law (Ref. 100). 

2. Studies Evaluating the Effects of Plant Stan01 Esters on Blood Cholesterol 

As d&cussed in section iII.B.1.b of jhis document, FDA reviewed 24 studies (Refs. 58, 63 
e 

and 64 (1 study), 67,74, 77 through 80, 81 and 82 (1 study), and 83 through 97) on plant stanols, 

including both free atid esterified forms. Of these, 15 met the selection criteria listed in section 
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lIE.B.2. of this documkit (Refq. s -8, 63 and 61 i 1 stud? . . 07, 7-t. 77, 7s. SO. S 1 and 83 (1 study), 

88 through 33, 94, and 97). These studies are summar1, :d in tnhl~ 2 a: 01, -ncl of this document 

and discussed below. ‘The nine remaining studies ! Kef‘s. 79, 53 through 87, 9.3. 95, and 96) failed 

to meet the selection crittiria because of‘ icl,,tif.f’icletlL ir.:‘ormation to evaluate the design and method 

of the study or because the populations studied were not considered representative of the general 

U.S. adult population, For example, some of the studies were performed in children with type 

II or familial.hypercholesterolemia; others used adult subjects with mean serum total cholesterol 

levels > 300 mg/dL or subjects with preexisting disease (e.g., diabetes). As supporting evidence, 

the results of a community intervention study (Ref. 102) and a research synthesis study (Ref. 100) 

that included a number of the plant stanol ester studies submitted in the petition are discussed 

in section III.C.2.d of this document. 

Studies typically report the amount of free plant stanol consumed, rather than the levels of 

stanol esters administered. Where possible, we report both the amount of plant stanol ester and 

the equivalent free stanol. 

(a)Hypercholesterolemics (serum cholesterol < 300 mg/dL): low saturatedfat and cholesterol 

diets. Two studies (Refs. 77 and SO) showed a relationship between consumption of plant stanol 

esters and reduced blood cholesterol in hyperchoIesteroIemic subjects who consumed pIant stanol 

esters as part of a low saturated fat and low cholesterol diet. 

Andersson et al. (Ref. 80) randomized subjects to receive one of three test diets: Either a 

low fat margarine containing 3.4 g/d plant stanol esters (2 g/d of plant stanols) with a controlled, 

low saturated fat, low cholesterol diet; a control low far margarine containing no plant stanol esters 

with a controlled, low saturated fat, low cholesterol diet; or to continue their normal diet with 

the addition of the margarine containing 3.4 g/d plant stanol esters (2 g/d of plant stanols). Serum 

total and LfDL cholesterol were reduced in all three grocps after 8 weeks. The group consuming 

the margarine containing plant stanol esters with the low saturated fat, low cholesterol diet showed 

12 percent (p < 0.0035) and 15 percent (p < 0.0158) reductions in serum total and LDL cholesterol 
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levels, respectively, compxed to the group th:t consu,:;ed ~1 ~~ntr&l low fat margarine Lvith a 

controlled, low :::arated fat, l.ow ch0lestCrc.~l Jiet. 732 -xrtun .<jtal :md LDL cl-.,)lesteroI reductions 

were reported to bc 4 percent (p < 0.0050) and 6 pcrwnt (p < O.O034j, respectively, for the group were reported to bc 4 percent (p < 0.0050) and 6 percent (p < O.O034j, respectively, for the group 

consuming the margxine containing plant stanol este1.j with the low saturated fat, low cholesterol consuming the margxine containing plant stanol este1.j with the low saturated fat, low cholesterol 

diet compared to the group consuming the margarine containing plant stanol esters with a normal diet compared to the group consuming the margarine containing plant stanol esters with a normal 

diet. Although a normal diet and control margarine group was not included, this study suggests diet. Although a normal diet and control margarine group was not included, this study suggests ., ,“. ., ,“. _j _j )_ *-.. .” )_ *-.. .” 
that 3.4 g/d of plant’stanol esters inconjunction with a normal or controlled, low saturated fat, that 3.4 g/d of plant’stanol esters inconjunction with a normal or controlled, low saturated fat, 

-.. -.. 
low cholesterol diet can significantly lower serum cholesterol levels. There was no change in HDL low cholesterol diet can significantly lower serum cholesterol levels. There was no change in HDL 

cholesterol levels in the normal diet, plant stanol ester margarine group. The study results suggest cholesterol levels in the normal diet, plant stanol ester margarine group. The study results suggest 

that the reduction in serum cholesterol levels is significantly greater when the plant stanol esters 
‘ 

are consumed as part of a diet low in saturated fat and cholesterol. HDL cholesterol was decreased. 

however, in subjects in both low saturated fat, low cholesterol diet groups, and this result was 

statistically significant in the group that consumed the plant stanol ester margarine in conjunction 

with this diet. 

Hallik$nen et al. (Ref. 77) randomly assigned 55 miidly hypercholesterolemic subjects, after 

a 4-week high fat diet (36 to 38 percent of energy from fat), to one of three low fat margarine 

groups: a 3.9 g/d (2.31 g/d of free plant stanols) wood stanol ester-containing margarine, a 3.9 

g/d (2.16 g/d of free plant stanols) vegetable oil stanol ester-containing margarine, or a control 

margarine group. The groups consumed the margarines for 8 weeks as part of a diet resembling 

that of the National Heart, Lung, and Blood Institute’s National Cholesterol Education Program 

Step II diet (a diet in which saturated fat intake is less than 7 percent of calories and cholesterol 

is less than 200 mg/d) (Ref. 99). During the experimental period, the serum total cholesterol 

reduction was significantly greater in the wood stanol ester-containing margarine (10.6 percent, 

p < O.OOl)+and vegetable oil stanol ester-containing margarine (8.1 percent, p < 0.05) groups than 

in the control group, but no significant differences were found between the wood stanol ester- 

containing margarine and vegetable oil stanol ester-containing margarine groups. The LDL 
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cholestercli Induction was significantly greater in the \\ ood stannl ~~~tt’r-LvlLiaining margarine ( 13.7 

percent p < 0.01) group ;h:tn in the control group. For 1.:: \~egelable oil st%m~ ester-containing 

margarine group, thz L,DL choksterol reduction picas 3.6 percent ~ oreater than in the control, but 

the difference was nDt statistically significant (p= O.UT?‘. However. there were no significant 

differences reported between the wood stanol ester-c;or;taining margarine and vegetable oil stanol 

ester-containing margarine groups for LDL cholesterol. HDL.cholesterol concentrations did not 

change during the-study. The authors state, “* * * that plant stanols can reduce serum cholesterol 
.,a 

concentrations, even in conjunct& with a markedly low dietary cholesterol intake, indicates that 

plant stanols must inhibit not only the absorption of dietary cholesterol but also that of biliary 

cholesterol.” 

The results of another study (Ref. 97) did not show a relationship between consumption of 

plant stanols and blood cholesterol in hypercholesterolemic subjects who consumed plant stanols 

as part of a low saturated fat and low cholesterol diet. In this study, Denke (Ref. 97) tested the 

cholesterol-lowering effects of dietary supplementation with plant stanols (3 g/d suspended in 

safflower oil and packed into gelatin capsules) in 33 men with moderate hypercholesterolemia 

who were consuming a Step 1 diet. Plant stanol consumption did not significantly lower plasma 

total cholesterol or LDL cholesterol compared with the Step 1 diet alone. HDL cholesterol levels 

were also unchanged. The authors state that although previous reports suggested that low dose 

plant stanol consumption is an effective means of reducing plasma cholesterol concentrations, its 

effectiveness may be attenuated when the diet is low in cholesterol. The agency notes that, unlike 

several of the studies submitted with the petition, this study was not a randomized, placebo- 

controlled, double-blind study, but rather a fixed sequence design. One result of this design was 

that during the plant stanol dietary supplement phase the subjects consumed an additional 12 g 

ot fat that &ey did not consume in other phases because each dietary supplement contained 1 g 

of safflower oil and subjects were instructed to consu& 4 capsules per meal (subjects were to 

consume a total of 12 capsules (3000 mg) in three divided doses during three meals). The agency 



Eight studies (Refs. 63 and 64 (1. study), 67, 78, S 1 and 82 (I study), 88 through 90, and 9-t) 

show a relationship between consumption of plant stanols and reduced blood total and LDL 

cholesterol in hypercholesterolemic subjects consuming diets within the range of a typical American 

diet. Two studies (Refs. 58 and 74) show a relationship between consumption of plant stanols 

and reduced LDL cholesterol, but not blood total cholesterol, in the same category of subjects 

consuming diets within the range of a typical American diet. 

Hallikainen et al. (Ref. 88) conducted a single-blind, crossover study in which 22 

hypercholesterolemic subjects consumed margarine containing four different doses of plant stanol 

esters, including 1.4, 2.7, 4.1, and 5.4 g/d (0.8, 1.6, 2.4, and 3.2 g/d of free plant stanols) for 

4 weeks each. These test margarine phases were compared to a control margarine phase, also 4 

weeks long. All subjects followed the same standardized diet throughout the study, and the order 

of the margarine phases was randomized. Serum total cholesterol concentration decreased 

(calculated in reference to control) by 2.8 percent for the 1.4 g/d dose (p=O.384), 6.8 percent for 

the 2.7 g/d dose (p< O.OOl), 10.3 percent for the 4.1 g/d dose (~~0.001) and 11.3 percent (PC 

0.001) for the 5.4 g/d dose of plant stanol esters. i he respective decreases for LDL cholesterol 

were 1.7 percent (p=O.892), 5.6 percent (p< 0.05) 9.7 percent (~~0.001) and 10.4 percent 

(p<O.OOl). Although decreases were numerically greater with 4.1 and 5.4 g doses than with the 

2.7 g dose, these differences were not statistically significan+ ‘:=0.054-0.516). This study 

demonstrates that at least 2.7 g/d of plant stanol esters can significantly reduce both serum total 

cholesterol and LDL cholesterol levels by at least 5.6 percent compared to control. No statistically 
’ 

significant changes in HDL.‘cholesterol were observed with any of the plant s&o1 ester margarines. 
7 

Gylling and Miettinen (Ref. 78) reported the serum -cholesterol-lowering effects of feeding 

different campestanol/sitostano! mixtures in margarine or butter in 23 postmenopausal women using 



36 

a double-b!i::d crossover design. The participants \VLY. randomly alloc;~ ’ fo study periods Lvhere 

ester-rich (3.18 g of free plant SLXK~~S: \L,uod-derived plant stanol esters with i campestanol to 

sitostanol ratio 1: 1 I) plant stanol esters or 5.7 g camlx~tanol ester-rich (3.10 g of free plant stanols: 

vegetable oil-derived plant stanol esters with a campesLano1 to sitostanol ratio 1:2) plant stanol 

esters. After.6 weeks, subjects consumed the other margarine for an additional 6 weeks. Following 
.:. 

an 8 week home‘diet wash-out period, 21 of the subjects were randomly assigned to consume 
.’ _ 

either 25 g of butter or 4.1 g/d plant stanol esters (2.43 g/d of free plant stanols with a campestanol 

to sitostanol ratio 1: 1) in 25 g of butter for an additional 5 weeks. Throughout the study, subjects 

consumed their usual diets, except that they were instructed to substitute the 25 g/d of butter or 

margarine consumed as part of the study for 25 g of their normal daily fat intake. Both the wood 

and vegetable stanol ester margarines lowered serum total cholesterol by 4 and 6 percent, 

respectively, compzed to baseline (p < 0.05 for both). LDL cholesterol was reduced by 8 and 

10 percent with the wood and vegetable stanol ester margarines, respectively, versus baseline (p 

< 0.05 for both). Furthermore, HDL cholesterol was increased by 6 and 5 percent (p < 0.05) 

with the wood and vegetable stanol ester margarines, respectively, versus baseline, so the LDL/ 

HDL cholesterol ratio was reduced by 15 percent (p < 0.05 for both). The two plant stanol mixtures 

in margarine appeared equaIly effective in reducing serum cholesterol. Butter alone increased serum 

total and LDL cholesterol by 4 percent (p < 0.05 for total cholesterol, not statistically significant 

for LDL cholestero1). Although the plant stanol ester butter did not significantly reduce serum 

total and LDL cholestPro1 compared to baseline, the plant stanol ester butter was found to decrease 

serum total cholesterol by 8 percent and LDL cholesterol by 12 percent (p < 0.05 for both) 

compared to butter alone. There was no significant change in HDL cholesterol between the two 

butter groups. The study reported that plant stanol ester:; are able to decrease serum total and 

LDL cholesterol in a saturated environment, i.e., when plant stanol ester is consumed in butter, 

a high s;lturated-fat food, and compared to the effects of butter without plant stanol esters. The 
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observation CL the plant stanol ester butter did II( T redv<e blood G6-l c,,+ .;teroI IeveIs co~~n:~r~d to 

baseline sugger;:: that plant stano! CstcrS do not cor:~plt?tcly C~..ilnteract the im;-.:lct of a high 

saturated-fat diet on blood cholesterol le\,els. 

Nguyen et al. (Ref. 90) examined the blood cholesterol-lowering effects in subjects consuming 

either a European spread containing 5.1 g/d plant stanol esters (3 g/d free plant stanols), a U.S.- 
1 

reformulat.bd @r&d cont.aining5.1 g/d plant stanol esters (3 g/d free plant stkols), a U.S.- _;*,’ P ,z* .i,,, 1. “I;,e-., ‘“-‘..z! :. ,..: ,‘.’ 
1 ; .+‘*; ; ‘~ .-.A .,, 

reforr&]~t&J $&$$g c&&ing~*3.4 g/d plant itan61 es&-s 12*‘g$f Of’ free plait s&olsj, or a U.S.- 
.::1. ‘:A 1 .,_ Lo&.‘.;‘,,> .__, .I -’ : ” 

reformulated sI%e&I without plant stanol esters for 8 weeks. The subjects consumed a total of 

24 g of spread in three 8 g servings a day, but made no other dietary changes. Serum total 

cholesterol (p < 0.001) and LDL cholesterol (p ~0.02) levels were significantly reduced in all 

three test groups compared with the placebo group at ail time points during the ingredient phase. 

The U.S. spread containing 5.1 g/d plant stanol esters lowered serum total and LDL cholesterol 

by 6.4 and 10.1 percent, respectively, when compared to baseline (p ~0.001). Subjects consuming 
:~ 

the 5.1 g/d plarit stanol esters European spread achieved a 4.7 percent reduction in serum total 

cholesterol and a 5.2 percent reduction in LDL choltisterol compared to baseline (p < O.OOI). The 

3.4 g/d plant stanol ester U.S. spread group showed a 4.1 percent reduction in both serum total 

and LDL cholesterol levels compared to baseline (p < 0.001). HDL choIesteroI levels were 

unchanged throughout the study . 

Weststrate and Meijer (Ref. 67) evaluated. the effects of different plant sterols and stanols 

on plasma total and LDL choiesterol in normocholesteroIemic and mildly hypercholesterolemic 

subjects. The subjects consumed their usual diets with the addition of a test or placebo margarine. 

A randomized double-blind placebo-controlled balanced incompIete Latin square design with five 

treatments and four,beiiods of 3.5 weeks was utilized to compare ihe effect of m&garines (30 
_’ .: 

g/d) with $dded pJant &an&l eiders (4.6 g/d; 2.7 g/d free plant star&),-& with added &ant sterol 
n’ 

esters from sheanut oil (2.9 g/d), ricebran oil (1.6 g/d), or soybean oil (4.8 g/d;“3 i/d free plant 
. ,. 

sterol) to a placebo margarine. Plasma total and LDL cholesterol concentrations were significantly 
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reduced i.,) 7.1 ?nd 13.0 percent (p < O.OC), respxti\ :llT. CCnlpared to (rL ..:rol~ in the plant stanoI 

&er margarine group. . ‘;innilar reductions ~verc reportcci in the so>,bean oil sterol ester margarine 

group (see discussion of this study in section II1.C. 1 .i? of this document). No cffcct on H.DL 

cholesterol concentrations was reported during tl:? sLLtd>‘. 

In a long term study conducted in Finiand (Ret-. 83), 153 mildly hypercholesterokmic subjects 

were instructed to consume 24 g/d of canola oil margarine or the same margarine with added 

plant stanol esters for a targeted consumption of 5.1 g/d plant stanol esters (3 g/d free plant stanols), 

without other dietary changes. At the end of 6 months, those consuming plant stanol esters were 

randomly assigned either to continue the test margarine with a targeted intake of 5.1 g/d plant 

stanol esters or to switch to a targeted intake of 3.4 g/d plant stanol esters (2 g/d free plant stanols) 

for an additional 6 months. The control group also continued for another 6 months. Based on 

measured margarine consumption, average plant stanol ester intakes were 4.4 g/d (in the 5. I g/ 

d target group) and 3.1 g/d (in the 3.4 g/d target group). The mean 1 year reduction in serum 

total cholesterol was 10.2 percent in the 4.4 g/d plant stanol ester group, as compared with an 

increase of 0.1 percent in the control group. The difference in the change in serum total cholesterol 

concentration between the two groups was -24 mg/dL (p < 0.01). The respective reductions in 

LDL cholesterol were 14.1 percent in the 4.4 g/d pIant stanol ester group and 1.1 percent in the 

control group. The differences in the change in LDL cholesterol concentration between the two 

groups was -21 mg/dL (p < 0.001). Significant reductions in serum total and LDL cholesterol 

were also reported after consuming plant stanol esters for 6 months. Unlike the group consuming 

4.4 g/d of plant stanol esters for 12 months, where continued reductions in serum total and LDL 

cholesterol were observed from 6 to I2 months, the reduction in plant stanol ester intake to 3.1 

g/d at 6 months was not followed by any further decrease in the serum total and LDL cholesterol 

concentr$ions. Serum HDL cholesterol concentratArs were not affected by plant stanol esters. 
F’ 

Vanhanen et al. (Ref. 94) reported the hypocholes;erolemic effects of 1.36 g/d of plant stanol 

‘ esters $00 mg/d of free plant stanols) in RSO mayonnaise for 9 weeks followed by 6 weeks 
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of cor,sumption CJf 3.4 g/d of piant Stan01 cSterS (3 g/k of free plant stanok) II: RSO mayonnaise 

compared to a group rcceivin g RSO rnnyrxuxk alonc. Subjecs c L . . ..umed their ~mal diets, except 

that they were instructed to substitute the KS0 mayonnkx for 50 s/d of their norm4 daily fat 

intake. After 9 weeks of consumption of the lower dose plant stanol ester mayo:lnaise, thz CIMI~L.) 

in serum levels of total and LDL, cholesterol were -4.1 percent (p < 0.05) and - 10.3 percent (not 

statistically significant), respectively, as compared to the control. Greater reductions in both serum 

total and LDL cholesterol were observed after consumption of 3.4 g/d of plant stanol esters for 

an additional 6 weeks (p < 0.05). The changes in serum levels of total and LDL cholesterol were 

-9.3 percent and -15.2 percent, respectively, for subjects consuming 3.4 g/d of plant stanol esters 

as compared to controi. Plant stanol ester consumption in RSO mayonnaise did not change HDL 

cholesterol levels compared to control RSQ mayonnaise. 

Blomqvist et al. (Ref. 81) and Vanhanen et al. (Ref. 82) separately reported the results of 

another study showing plasma cholesterol-lowering effects of plant stanol esters dissolved in RSO 

mayonnaise. After subjects replaced 50 g of their daily fat intake by 50 g of RSO mayonnaise 

for 4 weeks, they were randomized into two groups, one that continued with the original RSO 

mayonnaise (control group) and the other with RSO mayonnaise in which 5.8 g of plant stanol 

ester was dissolved (3.4 g/d of free plant stanols in 50 g of mayonnaise preparation). After 6 

weeks on the plant stanol ester-enriched diet, plasma total and LDL cholesterol were reduced from 

225 f 27 (control group) to 209 _+ 34 mg/dL (pIant stanol ester group) (p < 0.001) and from 

134 + 18 (control group) to 124 I!Z 32 mg/dL (plant stanoi ester) (p <O.Ol), respectively (Ref. 

8 1). In the report by Blomqvist (Ref. 8 11, HDL cholesterol was reported to be significantly lower 

in the plant stanol ester group compared to the control group. Using the same data, with the 

exception that the number of co&o1 subjects utilized in the analysis was 33 rather than 32 as 
^. 

in the BlFqvist report, HDL cholesterol was reported to be unchanged in the report by Vanhanen 

(Ref. 82).?he agency does not give as much weight to this study because the two reports lacked 

sufficient detail on the reason for the varying number of control subjects. 
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Two reports oi qqarently the same study (Refs. :? end 6-l) gave inconclusive results regarding 

the relation A,) bet\$ecn plant stanol estz consumption, lrnd blood choles Cc, ,)I 1cL’el.j. Interpretation 

of this study is complicated by design issues such as concerns,abont sample size and level of 

plant sterol/stanol admiilistered, but boC; imports .,Le r:iScussed here and summarized in table 2 

of this document because they provide information to assist in determining the minimum level 

of plant stanol esters necessary to provide a health benefit. 
.^ ., 

Miettinen and Vanhanen (Refi.‘<63 and 64 (I study)) reported the effect of small amounts 

of sitosterol (700 mg/d free sterols) and sitostanol (700 mg/d free stanols) dissolved in 50 g RSO 

mayonnaise on serum cholesterol in 31 subjects with hypercholesterolemia for 9 weeks. Subjects 

did not change their diets except for replacing 50 g/d of dietary fat with the 50 g/d of RSO 

mayonnaise. It appears that these authors later conducted another 9-week phase of the study using 

sitostanol esters (1.36 g/d plant stanol esters or 800 mg/d free stanols) dissolved in 50 g RSO 

mayonnaise. The re: ults of this later phase were reported in the Miettinen reference (Ref. 63), 

together with the earlier results. The Vanhanen reference (Ref.+ 64) reports only the earlier results 

for sitosterol and sitostanol. The Vanhanen reference (Ref. 64) reports reduced serum total 

cholesterol (8.5 percent) concentrations during the RSO mayonnaise run-in period compared to 

values before the run-in period w’hen combining all subjects. Continuation of RSO mayonnaise 

in the RSO mayonnaise control group (n=8) during the experimental period had no further effect 

on blood cholesterol (Refs. 63 and 64). Free sitostanol (n=7) did not significantly alter serum 

total cholesterol or LDL cholesterol compared to the RSO control group during the experimental 

period (Refs. 63 and ‘1). HDL cholesterol also did not change in the free sitostanol group (Ref. 

63). Serum total and LDL cholesterol were significantly reduced in the sitostanol ester group (n=7), 

however (Ref. 63). The mean change in serum total cholesterol from baseline was -7.4 mg/dL 

in the sitos,tanol ester group, compared to +4.6 mg/dL in the control group (p ~0.05). The mean .S” 
I 

change in LDL cholesterol from baseline was -7.7 mg/dL in the sitostanol ester group compared 



to +3.1 mg/dL in the control group (p < 0.05). A stilti, ;icaIly ~4 ~~,,,;,nnt increase in HDI., cholesterol 

The agency notes that it is difficult to dcciphcr from the descriptions in these reports the 

amount of plant staIiol ester that was consumed and tllc Ievel of cholesterol-lowering that was 

observed. For the sitostanol ester group, as an example, the experimental design section states 

that 800 ,pg/d of sitostanol transe!&zified with RSO fatty acids was added to the RSO mayonnaise, 
‘. ,,’ ,‘;.,:‘A:.> ,... ,&“. : -2: .,; ,,_ cc, 1;; 13; _- 

;&$, :,..;“*, I,“‘-:;: ‘<&q ” _,, . . .:;-*. . . ,_I ,_.._ .,. “$+,” _. 
yet table 1 of @.ry d”%%@$&~w~~th~t the amount of sitostanol ester in the ‘RSO mayonnaise ,,., * .,., ; .a-.‘. .v,.;: : i 

I _. ., ) .I’L $, :,,. .,,. -+ A”,. ,,, . . . ;-+ .,; ‘.,“..?,. ., >- : : ., 
was 830 mg (Ref. 63). Since the c&version factor to obtain the stanol ester equivalent of a given I 

amount of free stanol is 1.7, the amounts of sitostanol and sitostanol ester given in the experimental 

design section and table 1 cannot both be correct. Based on information in the results section 

of the Miettinen reference (Ref. 63), serum total cholesterol reduction in the sitostanoi ester group 

can be calculated to be approxima.tely 18 percent as compared to control, yet the abstract of the 

Vanhanen reference mentions that sitostanol ester reduced serum total cholesterol by 7 percent 

(Ref. 63). Therefore, FDA considers the results in these reports inconclusive because of 
-._ 

inconsister@es in the descriptions of methods and results. 

Two studies (Refs. 58 and 74) show a relationship between consumption of plant stanols and 

reduced LDL cholesterol, but not blood total cholesterol, in subjects consuming a diet within the 

range of a typical American diet, although the diet was a controlled feeding regimen formulated 

to meet Canadian recommended nutriknt intakes. 

Jones et al. (Ref. 58) reported the effects of consuming 2.94 g/d of pIant steroi esters in 

23 g of margarine, 3.31 g/d of plant stanol esters in 23 g of margarine (1.84 g/d free pIant stanols; 

daily margarine doses were divided into three equal portions and added to each meal) and 23 

g/d of control margarine for‘;!1 days&h, using a controlled feeding crossover study design. During 
,s.. _- ,.x3 .I,: y-7, -. _ ‘;, .‘:-.;” :.y ‘i ,j ;&,, 1 x; I, ‘: 

the experimen& period, sub’j%~&r&tied a fixed-food &or&-A:merican diet &mulated to meet ., y -~ .’ 

Canadian recommended nutrient intakes. The results from consumption’of the plant sterol ester 

margarine are discussed in section 1II.C.l.b of this document. Plasma LDL cholesterol levels were 
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reduced by 0.4 percent (p < 0.02) in the plant stanol ester g-o+ c .SLJlparec’ to the control group, 

Plasma total choleslcrc;: IFXS IIOI. signil‘icmtly redwxd .il tht-: plan1 sranol ester group. Plasma HDL 

cholesterol did not differ xzros~ grmps. anti there LVAS no significant weight change sho\vn by 

the subjects while consuming any of the margarine mixtures. 

Jones et al. (Ref. 74) evaluated the cft’ects of a mixture of plant stanok and plant hierols. 

The plant Stan@ compound sitostanol made up about 20 percent of the mixture by weight. The 
II ‘,*. ..;. _“_ ,. 

remaining ster61 component of the mixture was mostly composed of the plant sterols sitosterol 
-. ‘. I,,. :,, !. 

and campesterol. These investigators evaluated the cholesterol-lowering properties of this 

nonesterified plant sterol/stanol mixture in a controlled feeding regimen based on a “prudent,” 

fixed-food North American diet formulated to meet Canadian recommended nutrient intakes. Thirty- 

two hypercholesterolemic men were fed either a diet of prepared foods alone or the same diet 

plus 1.7 g/d of the plant steroVstano1 mixture (in 30 g/d of margarine, consumed during 3 meals) 

for 30 days in a paraIle1 study design. The plant steroi/stanol mixture had no statistically significant 

effect on plasnia total choiestero1 concentrations. However, LDL cholesterol concentrations on day 

30 had decreased by 8.9 percent (p c 0.01) and 24.4 percent (p < 0.001) with the control and 

plant sterol/stanol-enriched diets, respectively. On day 30, LDL cholesterol concentrations were 

significantly lower (p c 0.05) by 15.5 percent in the group consuming the plant steroVstano1 mixture 

compared to the control group. HDL cholesterol concentrations did not change significantly during 

the study. 

(c) Normochole vterolemics. “typical ’ ’ or “usual” diets. Two studies (Refs. 9 1 and 92) show 

a relationship between consumption of plant stanols and reduced blood cholesterol in subjects with 

normal cholesterol concentrations consuming a typical American diet. 

Plat and Mensink (Ref. 92) exar&ned the effects of t&o plant stanol ester preparations in , 

healthy su6ject.s with normal serum cholesterol levels. Du&g a 4 week run-in per& 112 subjects 

consumed a rapeseed oil margarine (20 g/d) and shortening (10 g/d). For the next 8 weeks, 42 

subjects continued with these products, while the other subjects received margarine (20 g/d) and 
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shorteni;:, ,!O g/d) with a vegetable oil-bed stanol .ster mibrc (6.8 g/d plant stano] esters 

or 3.8 g/d free plant stanols) or pine ~vood-bnsccl stanoj ester n~i.,~...: (6.8 g/d plant stanol ester 

or 4 g/d pIant stanol). Subjects did not change their dices except I‘or replacing 30 g/d of dietary 

fat with the 30 g/d of test margarine and shortening. In the vegetable oil plant stanol ester group, 

the mean change in serum total cholesterol from baseline was - 16.6 mg/dL, compared to - I .6 mg/ 

dL in the c&tr?l group (p < 0.001). In the pine wood stanol ester group, the mean change in 
,. r: /, ., :: 

serum total cholesterqi from baseline was -16.3 mg/dL compared to -1.6 mg/dL in the control ., ,+,:. /:. . _^ ,I ,_ ~ _I 
group (p < 0.001). Compared to consumption of a control margarine and shortening, consumption 

of 6.8 g/d of vegetable oil-based stanol esters lowered LDL cholesterol by 14.6 f 8.0 percent 

(p < 0.001). Consumption of 6.8 g/d of the pine wood-based stanol esters showed a comparable 

decrease of 12.8 It 11.2 percent (p c 0.001) in comparison to control margarine consumption. 

Decreases in LDL cholesterol were not significantly different between the two experimental groups 

(p= 0.793). Serum HDL cholesterol did not change during the study. 
I 

Niinikoski et al. (Ref. 91) randomly assigned 24 subjects with normal serum cholesterol levels 

to use either a’plant stanol ester margarine (5.1 g/d plant stanol esters; 3 g/d of free plant stanois) 

or ordinary rapeseed oil margarine (control) for 5 weeks. Subjects followed their normal diets, 

except for substituting the test or control margarine for normal dietary fat intake. During the study 

period the mean plus/minus standard deviation for serum total cholesterol decreased more in the 

plant stanol ester spread group (-31 pi&minus 19.4) compared to the ordinary rapeseed oil spread 

group (-11.6 plus/minus 19.4) (p c 0.05). Serum non-HDL (LDL plus very low density lipoprotein) 

cholesterol also decreased more in the plant stanol ester grcr.; : -31 plus/minus 23) compared to 

the control group (-11.6 plus/minus 19.4) (p < 0.05), but the plant stanol ester spread did not 

influence HDL cholesterol co@en$tion (p= 0.71 between groups). 
“, (/ .) . _‘ . _. : 

(d)‘@&r studies: resgr~h synthesis study. As discussed in section 1II.C. 1 .d of this document, 
‘ai 

the agency considered the results of a March 25, 2000, research synthesis study (Ref. 100) of 

the effect of plant sterols and plant statiols on serum cholesterol concentrations as supporting 
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evidence uLr ‘he relationship between plant sterol/stan,,i esters and CIVIL;. :., this research synthesis 

study, the ::;,;;bined effect oi‘ pl;lnt sterols and stnnols k.~~~ w-urn cholestz,, ’ . concentrations kvas 

analyzed by pooling data from I-4 randomixd trials tl-,at employed tither a pnr;tlieI or crossover 

design, consisting of 20 dose comparisons of either pr::nt sterois or plant stanols to a contra! vehicle. 

The data described the effects on serum LDL cholestero1 concentrations obtained from using 

spreads (or, in some cases, mayonnaise, olive oil, or butter) with and without added plant sterols 

or stanols. 

Based on the placebo-adjusted reduction in serum LDL cholesterol, the analysis indicated that 

2 g of plant sterol (equivalent to 3.2 g/d of plant sterol esters) or plant stanol (equivalent to 3.4 

g/d of plant stanol esters) added to a daily intake of spread (or mayonnaise, olive oil, or butter) 

reduces serum concentrations of LDL cholesterol by an average of 20.9 mg/dL in people aged 

50 to 59 (p=O.OOS), 16.6 mg/dL in those aged 40 to 49 (p=O.OOS>, and 12.8 mg/dL in those aged 

30 to 39 (p=O.OOS). The results indicated that the reduction in the concentration of LDL cholesterol 

at each dose is’significantly greater in older people versus younger people. Reductions in blood 

total cholesterol concentrations were similar to the LDL cholesterol reductions and there was little 

change in serum concentrations of HDL cholesterol. The results of this analysis also suggested 

that doses greater than about 2 g of plant steroi (3.2 g/d of plant stero! esters) or stanol (3.4 

g/d of plant stanol esters) per’day would not result in further reduction in LDL cholesterol. 

Observational studies and randomized trials concerning the relationship between serum 

cholesterol and the Fsk of heart disease (Ref. 101) indicate that for people aged 50 to 59, a 

reduction in LDL cC,lesterol of about 19.4 mg/dL (0.5 mmol/1) translates into a 25 percent 

reduction in the risk of heart disease after about 2 years. Studies administering plant sterols and 

stanols have demonstrated the potential to provide this protection. According to Law, the 

cholester@-low&ing capacity of pIant sterols and stanols is even larger than the effect that could 
:r 

be expected to occur if people ate less animal fat (or saturated fat) (Ref. 100). 



4,5 
Community IT+ II-vention Study _...,. 

aI. (Ref. 102) that described the relationship /?etw:zn consumption of plant stanol ester-containing 

margarine and serum total cholesterol concentraticlns in North Kqelia, Fickd. FDA considered 

this study as supporting evidence for the relationship between plant stanol esters and CHD. In 

the early 1970’s, Finland had the highest cardiovascular-related mortality‘in the world. Since 1972, -. ,, .;..: : : _ “- ., .: 

active pr&e$o? pr@iz%&rried out in the framework of the North Karelia Project have reduced 
_,. 

these high rat&s. A central target of these programs was promotion of dietary changes to reduce 

popuIation cholesterol levels. In spite of great success in the 1970’s and 1980’s, cholesterol levels 

at the end of the 1980’s remained, by international standards, relatively high in North Karelia, 

especially in rural areas. The Village Cholesterol Competition was introduced as an innovative 

method to promote further cholesterol reduction in the population. Puska et al. (Ref. 102) describe 

two competitions (1991 and 1997) in which serum cholesterol values ofsubjects ages 20 to 70 

years in participating vilrages were measured twice during a 2 month period. The viIfage with 

the greatest mean reduction in serum cholesterol was awarded a monetary prize. The 1991 

competition is not relevant to this interim rule beep use plant stanol ester-containing spreads were 

not available at the time. However, the 1997 competition is relevant because plant stanol ester- 

containing spreads had become available and, as discussed below, were consumed by a significant 

number of participants. Subjects were asked to complete a questionnaire about demographic factors, 

risk factors, dietary changes, and physical activity. The questionnaire included specific questions 

on changes in use of miik, fat spreads, fat used for baking, and food preparation. Participating 

villages were responsible for arranging intervention activities and blood cholesterol measurements. 

Sixteen villages, with 3 total of 1,333 participants, were included in the results. There were 

8 weeks bgtween the initial arid final blood cholesterol measurements. Approximately 24 percent 
.:. (,. . . . 

of the participants changed their fat spread on bread to recommended alternatives (e.g., from butter 

to margarine), but 57 percent did not make any changes in their choice of spread. Use of plant 



stanol ester-coi;,,;ning spread increased nearly fitci‘old. Wilhelm LISA of butte;. butter-vegetable oil 

mixture hnd normal \I,x~ rC tahlc margarine use declined. .‘lpproximntely 300 participants began to 

use pfant stanol ester spread during the competition as their fat spread on bread 

The winning village had an average serum total cholesterol reduction of 16 percent (p < 0.001). 

Results for each village were calculated as the mean percent reduction in individual ch,oiesteroI 

levels. The mean reduction in serum total cholesterol of all participating villages was 9 percent 

(p c 0.001). Jn 14 of 16 villages, the reduction between the initial and final blood cholesterol 

measurements was statistically significant (p c 0.05). The investigators observed that the greater 

the self-reported daily use of the plant stanol ester spread, the greater the serum cholesterol 

reduction. Furthermore, of those who reported using more than 5 teaspoonfuls per day of plant 

stanol ester-containing spread, an average serum total choIestero1 reduction of 21.3 percent was 

achieved. 

(e) Summary. In two (Refs. 77 and 80) of three (Refs. 77, 80, and 97) studies of 

hypercholesterolemic subjects consuming Iow saturated fat and low cholesterol diets, plant stanol 

ester intake was associated with statistically significant decreases in total and LDL cholesterol 

revels when compared to a control group. Levels of HDL cholesterol were found to be unchanged 

(Refs. 77, 80, and 97). 

Levels of plant stanol esters found to be effective in lowering total and LDL choiesterol le%vefs, 

in the context of a diet low in saturated fat and choIestero1, were 3.4 g (Ref. SO) and 3.9 g (Ref. 

77) (equivalent to 2 I id 2.31 g of free plant stanols, respectively). Other results from one of 

these studies (Ref. 77) reported a statistically significant effect of 3.9 g/d of vegetable oil stanol 

esters (2.16 g/d of free plant stanols) on blood total cholesterol, but not LDL cholesterol. Dietary 

supplementation with 3 g of plant stanols per day (equivalent to 5.1 g/d of plant stanol esters) 

to hyperch&esterolemic subjects consuming a low saturated fat and low cholesterol diet (Ref. 97) 
c 

did not significantly lower plasma total or LDL cholesterol. 
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Ir, IO of lu studies of hyperctolesterolemic subjec-ts consuming “usual’ ‘!iets (Ret-s. 58, 63 

and 64 (1 study}, 67, 74, 78, 81 and S2 (1 study), 88 t.hrough 90. _ ’ 94), piant stanol cstet 

intake was associated with statistically significant clecrcases in blood tota! and/or LDL cholesterol 

levels. In seven (Refs. 58, 67, 74, 88 through 90, and A) of these ten studies, TEL ;holest,,.,: 

levels were not significantly affected by plant stanol dietary treatment. In 2 studies (Refs. 63 and 

64 (1 study} and 78) of the 10 studies, pIant stanol esters were reported to increase the levels 
. ).. 

of l$QL cholester@ fro@ baseline levels. Two separate publish&d reports of another study (Refs. 
~., _.” :. ,- v_ 

81 and 82) were incdnsistent in their description of effects on HDL cholesterol. One pubIication 

(Ref. 81) reported HDL cholesterol to be significaritly lower in the plant stanol ester group 

compared to a control group, but the other publication reported that the difference in HDL 

cholesterol between the two groups was not significant (Ref. 82). This incongruity may be due 

to the difference in the number of contro1 subjects utilized in the analysis between the two 

publications. The agency notes that the majority of studies do not report a statistically significant 

change in HDL cholesterol in the plant s tanol ester groups compared to the control groups. 

Levels of plant stanol esters found to be effective in lowering total and/or LDL cholesterol 

levels in hypercholesterolemic subjects consuming a “us&al” diet ranged from 1.36 tci 5.8 g/d 

(equivalent to 0.8 to 3.4 g/d of free plant stanoIs) (Refs. 58, 63 and 64 (1 study), 67, 74, 78, 

81 and 82 (1 study), 88 through 90, and 94). In the study by Hallikainen et al. (Ref. 88), I.4 

g/d plant stanol ester (0.8 g/d of free plant stanol) did not significantly reduce serum choIestero1 

levels, but intakes of 2.7, 4.1, and 5.,4 g/d”of plant stanol esters (1.6, 2.4, and 3.2 g/d of free 

plant stanols, respectively) were found to significantly reduce both serum total and LDL choiesterol 

levels. In another of the IO studies.described above (Ref. 94), subjects consuming a higher dose 

(3.4 g/d, equivalent to 2 i/d of free plant stanols) of plant stanol esters showed statistically 

significan&reductions in both blood total and LDL cholesterol, but a lotier dose of plant stanol 

esters (1.3% g/d, equivalent to 0.8 g/d of free plant stanols) showed reductions in blood total, but 

not in LDL cholesterol. The results of the study by Miettinen and Vanhanen (Refs. 63 and 64) 
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are inconclusive. This lilay be due to lack of statisticar power (e.g,. sample six too small to detect 

the hypother,,;::d difference bet\veen groups) or too lo\. :I dose of plant S* iL....)15 to pro\,ide an effect. 

As previously discuss~~d, the descriptions of meth.ods and results also Ivex inconsistent and difficult 

to interpret. Although these investigators ~q.m-te~ (F-&l‘. 63) a statistically significant effect of 1.36 

g/d pIant stanol esters (equivalent to 0.8 g/d of free plant stanols) on reducing serum total and 

LDL cholesterol compared to a control group, there was no effect of 700 mg/d of the free plant 
.; ;, _^ _: 

stanols (equi<al&t.to 1.19 g/d of plant stanol esters) on blood cholesterol levels. 

Two studies (Rkfs. 91 and 92) examined the effects of plant stanol esters in healthy adults 

with normal cholesterol levels consuming a “usual” diet. Both of these studies demonstrated 

significant decreases in blood total and LDL cholesterol or non-HDL cholesterol levels when 

compared to controls. Levels of plant stanol esters found to be effective were 6.8 g/d (vegetable 

oil stano1 esters; 3.8 g/d of free plant stanols) (Ref. 92), 6.8 g/d (pine wood stanol esters; 4 gl 

d of free plant stanois) (Ref. 92), and 5. I g/d (source unreported; approximately 3 g/d of free 

plant stanols) (Ref. 91). HDL cholesterol levels were not significantly affected by plant stanol 

consumption in these reports. 

Based on these studies, FDA finds there is scientific evidence for a consistent, clinically 

significant effect of plant stanol esters on blood total and LDL cholesterol. The cholesterol-lowering 

effect of plant stanol esters is consistent in both mildly and moderately hypercholesterolemic 

populations and in populations with normal cholesteroi concentrations. The cholesterol-lowering 

effect of plant stanol esters has been reported in addition to the effects of a low saturated fat 

and low cholesterol cSt. Most studies also report that plant stanols do not affect HDL cholesterol 

levels. These conclusions are drawn from the review of the well controlled clinical studies and 

are supported by the research synthesis study of Law (Ref. 100) and the co&unity intervention 

trial of Pu”ska et al. (Ref. 102). 
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IV. Decision to Authorize a Health Claim Relating Plant Ster&Stanol Esters to Reduction 

in Risk of CHP 

The plant sterol esters petition provided information on pertinent human studies that evaluated 

the effects on serum total-cholesterol and LDL cholesterol levels from dietary intervention with 
a,.- .._ I>,-+.” <’ ::’ : ~‘,. & ,: yp:: i .$I. .*-.-:,:;:.;. 

p~ants~?$&$?o?$ant stero~ esters in subjects with normai‘to~mildly or moderately elevated serum 
i I) & 1 <.$)‘a’ I,,; +&*. & .:A:,-. (.. ~ 

~,.:*.. *;,-,, ..f, ia /. : &~,p,, :*,< ,. ‘..3- _ ,-:“c-:,. t ‘7. 7 :*\:..: ,. .,,> ,, : ., .’ _<.. ” ( ,&, ..: ,:;z’%‘:, ,,., q< ,pr : ,- 2ff*., y”b’l? I6 
chofest$ol levels. FDA revtewed the information in th’e.petition as well as other pertinent studies ,,<_ :siJ.l.~&:~, ‘/, ,.. 

.: : s. 
identified by the age&y”s’literature search. .I. 

FDA conchrdes that, based on the totality of publicly available scientific evidence, there is 

significant scientific agreement to support a relationship between consumption of plant sterol esters 

and the risk of CHD. The evidence that plant sterol esters affect the risk of CHD is provided 

by studies that measured the effect of plant sterol ester consumption on the two major risk factors 

for CHD, serum total and.LDL cholesterol. j’ ‘., 

In most intervention trials in subjects with mildIy to moderately elevated cholesterol levels 

(total chole&eroI ~300 mg/dL), plant sterol esters were found to reduce bIood total and/or LDL 

cholesterol levels to a significant degree (Refs. 57, 58, 61 and 62 (I study), 67, and 74). Moreover, 

HDL cholesteroi levels were unchanged (Refs. 57, 58, 61 and 62 (1 study), 67, and 74). Results 

in normocholesteroIemic subjects (Refs. 51, 65, and 75) were similar to the results in mildly to 

moderately hypercholesterolemic subjects. 

Most of the studies in subjects with mildly to moderately elevated cholesterol levels used 

“usual” diets in either a controlled feeding (Refs. 58 and 74) or free-living (Refs. 57, 63 and 

64 (1 study), and 67) situation, but one study used a low saturated fat, low cholesterol diet during 

the study (Refs. 61 and.02 (1 study)). All three of-the studies in. subjects w’ith normal blood 

“(7, ,l-:i r ._ ,, i I. “. 

living(Ref. 75) situation. Plant sterol esters have been &ported-to iower blood cholesterol levels 
‘_ 

in subjects with mil’dly to moderately elevated cholestercl consuming either a “usual” diet or 



low saturated. fat. low cholesterol diet and in subjects L, ith nor:?;..: ~.ml ~~i~0lest~roI 1~~~1s 

Plant sterols (esterified or free) were tested in either a spread. margarine, or butter carrier 

and produced fairly consistent results regxdless 01 the food carrier and apparent diffeyexes in 

processing techniques. Given the variability of amounts and of food carriers in which plant sterols 

and plant sterol esters were provided in the diets studied, the response of blood cholesterol levels 

to plant sterols appears to be consistent and substantial, except for plant sterols from sheanut oil 

and ricebran oil (Refs. 67 and 7.5). 

Based on the totality of the publicly available scientific evidence, the agency concludes that 

there is significant scientific agreement that plant sterol esters from certain sources will help reduce 

serum cholesterol and that such reductions may reduce the risk of CHD. Section 

101.83(c)(2)(ii)(A)(I) (d’ tscussed in section V.C of this document) specifies the plant sterol esters 

that have been demonstrated to have a relationship to the risk of CHD. In the majority of clinical 

studies evaluating plant sterols or plant sterol esters, blood total and LDL cholesterol were the 

lipid fractions shown to be the most affected by plant sterol intervention. As discussed in section 

I of this document, reviews by Federal agencies and other scientific bodies have concluded that 

there is substantial epidemiologic and clinical evidence that high blood levels of tota cholesterol 

and LDL cholesterol represent major contributors to CHD and that dietary factors that decrease 
r 

blood total cholesterol and LDL cholesterol will affect the risk of CHD (56 FR 60727 at 60728, 

and Refs. 18 through 2 1). 

Given all of this evidence, the agency is authorizing a health claim on the relationship between 

plant sterol esters and reduced risk of CHD. 

B. Relati&ship Between Plant Stanol Esters and CHD 
r 

The plant stanol esters petition provided information on pertinent human studies that evaluated 

the effects on serum total cholesterol and LDL cholesterol levels from dietary intervention with 



literature search. 

FDA concludes that, based on the totality of publicly available scientific evidence, there is 

significant scieAfic.agreement to support a relationship between consumption of plant stanol esters 

and the risk of &‘l$..The evidence that plant ‘stanol esters affect the risk of CHD is provided 

by studies that measured the effect of plant stanol ester consumption on the two major risk factors 

for CHD, serum total and LDL cholesterol. 

In most intervention trials in subjects with mildly to moderately elevated cholesterol levels 

(total chQlesterol<3OO mg/dL), pIant stanol esters were found to reduce blood total and/or LDL 

cholesterol Ievels to a significant degree (Refs. 58, 63 and 64 (1 study), 67, 74, 77, 78, 80, 8 1 

and 82 (1 study), 88 through 90, and 94). Moreover, HDL cholesterol levels were unchanged in 

most intervention studies (Refs. 58, 67, 74, 77, 80, 88 through 90, and 94). Results in 

normocholesterolemic subjects (Refs. 91 and 92) were similar to the results in mildly to moderately 

hypercholesterolemic subjects. 

Most of the studies in subjects with miIdIy to moderateiy elevated cholesterol levels used 

“usual” diets in either a controIled feeding (Refs. 58 and 74) or free-living (Refs. 63 and 64 

(1 study), 67, 78, 8 1 and 82 (1 study), 88 through 90, and 94) situation, but three studies used 

a low saturated fat, low cholesterol diet during the study (Refs. 77,’ 80 and 97). Both of the studies 

in subjects with normal blood cholesterol levels (Refs. 91’and 92) used “usual” diets in a free- 

living situation. Plant stanol esters have been reported to lower blood cholesterol levels in subjects 

with mildly to moderately elevated cholesterol consuming either a “usual” diet or low saturated 

fat, low c&lesterol diet tid in subjects with normal blood cholesterol levels consuming “usual” 

diets. Therefore, the evidence suggests that the blood cholesterol-lowering response occurs 

regardless of the type of background diet subjects consume. 
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carrier and I.~i~~Juc~d l‘,lirly consistent results rcgnrdles:., of the food Carrie I .,,KI clpparent differences 

in processing tcchniqua. Gi\m the variability of amoants and food carriers in \vhich plant stanol 

esters were provided in the diets studied, the responx of blood cholesterol levels appears to be 

consistent and substantial. 

Based on the totality of the publicly available scientific evidence, the agency concll.ldcs th,at 

there is-significant stiier&fiti’ggreement that plant stanol esters will help reduce blood cholesterol 

and that such reductions may reduce the risk of CHD. Section 101.83(c)(2)(ii>(B)(I) (discussed 

in section V.C of this document) specifies the plant stanol esters that have been demonstrated 

to have a relationship to the risk of CHD. In the majority of clinical studies evaluating plant stanol 

esters, blood total and LDL cholesterol were the lipid fractions shown to be the most affected 

by plant stanol intervention. As discussed in section I of this document, reviews by Federal agencies 

and other scientific bodies have concluded that there is substantial epidemiologic and clinical 

evidence that high blood levels of total cholesterol and LDL cholesterol represent major contributors 

to CHD and that dietary factors that decrease blood total cholesterol and LDL cholesterol will 

affect the risk of CHD (56 FR 60727 at 60728, and Refs. 18 through 21). 

Given all of this evidence, the agency is authorizing a health claim on the relationship between 

plant stanol esters and reduced risk of CHD. 

V. Description and Rationale for Comporzents of Health Claim 

A. Relationship Betv, ..en Plant Sterol/S?anol Esters and CHD and the Significance of the 

Relationship 

Neti section 101.83(a) describes the relationship between diets containing-plant steroktanol 

esters angthe risk of CHD. In 5 lOr.83(a)(l), the agency recounts that CHD is the most common 

and serious form of CVD, and that CHD refers to diseases of the heart Tuscle and supporting 

blood v&sels. This paragraph also notes that high blood total and LDL cholesterol levels are 
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associated wrlii increased risk of de\relopins CHD md identifies i6; ic: L ~1s of total cholc~r.m~l 

and LDL choltisLirol that ‘~~‘ould put an indi\*idual .II high risn of developing C’HD. as \-cell as 

those blood cholesterol le\.els that are associated 17~ ith borderline high risk. This information wiH 

assist consumers in understanding the seriousness of CHD. 

In 0 101.83(a)(2), the agency recounts that populations with a low incidence of CHD tend 

to have Iow,blo~d total and LDL cholesterol levels. This paragraph states that these populations 
..-I .)’ : ‘2.,:-. _: :.- 

also tend, to ha~~~~d~&u?y &t&t& that are low in ‘total fat, saturated fat, and cholesterol, and high 
; .: 

in plant foods that contain fiber and other components. This information is consistent with that 
. 

provided in the regulations authorizing health claims for fiber-containing fruits, vegetables, and 

grain products and CHD (8 101.77), soluble fiber from certain foods and CHD ($ 101.8 l), and 

soy protein and CHD (0 101.82). The agency believes that this.information provides a basis for 

a better understanding of the numerous factors that contribute to the risk of CHD, including the 

relationship of plant steroVstano1 esters and diets low in saturated fat and cholesterol to the risk 

of CHD. .’ 

Section 101.83(a)(3) states that-diets that include plant steroVstano1 esters may reduce the 

risk of CHD. 

Section 101.83(b) describes the significance of the diet-disease relationship, In 0 101.83(b)(l), 

the agency recounts that CHD remains a major public health concern in the United States because 

the disease accounts for more deaths than any other disease or group of diseases. The regulation 

states that early management of modifiable CHD risk factors, such as high blood total and LDL 

cholesterol levels, is a major public health goal that can assist in reducing the risk of CHD. This 

information is consistent with the evidence that lowering blood total and LDL cholesterol levels 
,_,_ ~” b,- *;l.~::,.-” 1 :” .F ~ _( ,- +.“,*. ;_. I 

reduces the risk of %HD Q6’RI 60727; 58~FR 2739, ‘andlefs. 18 through’2 i’%rd 50). Section 
c, 

7. / F .- 
101.83(b)&)~states that in&ding plant steroYstano1 esters in the diet helps ‘to %&er blood total 

and LDL cholesterol levels.. FDA concludes that this statement is scikntifically ‘valid based on 

the evidence that it has reviewed on this diet-disease relationship. 
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B. Nature oj t/t, Clcrim 

In new $ 101 ,S3(.c)(l), FD4 is procidinz ~7 thal the general requirements for health claims in 

6 101.14 must he met, except that the disqualifying le\:c: for total fat per 50 2 in s lOl.l~&(~)(~) 

does not apply to spreads and dressings for salad, and the minimum nutrient contribution 

requirement in 5 101.14(e)(6) does not apply to dressings for salad. FDA has decided to except 

these plant sterNstano1 ester products from the specified requirements in 8 101.14(a)(4) and (e)(6) 

because it has determined that permitting the health claim on such products will help consumers 

develop a dietary approach that will result in significantly lower blood cholesterol levels and an 

accompanying reduction in the risk of heart disease. The basis for this decision is discussed in 

more detail in section V.D of this document. The agency is requesting comments on this decision. 

In 0 101.83(c)(2)(i), FDA is authorizing a health claim on the relationship between diets that 

contain plant sterol/stanol esters and the risk of CHD. The agency is authorizing this health claim 

based on its review of the scientific evidence on this substance-disease relationship, which shows 

that diets that contain plant steroVstano1 esters help to reduce total and LDL cholesterol (Refs. 

5 1, 57,58, 61 and 62 (1 study), 63 and 64 (1 study), 65, 67,74,‘75, 77, 78, 80, 8 1 and 82 

(1 study), 88 through 92, and 94). This result is signifi:ant for the risk of heart disease because 

elevated levels of total and LDL choiesterol are associated with increased risk of CHD (Refs. 

18 through 21). 

In $ 101.83(c)(2)(i)(A), FDA is requiring, consistent with other health claims to reduce the 

risk of CHD, that the :Iaim state that plant sterol/stanoI esters should be consumed as part of 

a diet low in saturated fat and cholesterol. The agency acknowledges that most of the scientific 

evidence for an effect of plant steroVstano1 esters on blood cholesterol levels was provided by 

studies that used “usual” diets (Refs. 51, 57, 58, 63’ and’& (1 study), 65, 67, 74, 75, 78, 81 

and 82 (1 -&udy), 88 through 92, and 94). Some studies used’low fat, ‘low cholesterol diets and 

also found a cholesterol-lowering effect of plant sterol/stanol esters (Refs. 61 and 62 (1 study), 

77, and 80). The results were consistent across studies, regardless of <he background diet used. 



55 

Howe-,er, not Al studies reported bvhether reduction:. itI cholesterol w-ert ,ic;,;cved as compared 

to baseline. The results of one study that investigated tile effect:; \ _’ ,\lant stanol esters added to 

butter (Ref. 78) suggest that plant stanol esters may not be able to fully coantcract the impact 

of a high saturated fat diet on blood cholcstcrol 1~~1:. In that study, plant stanol ebLcrs adA,: 

to butter significantly reduced both serum total cholesterol and LDL cholesterol compared to control 

(butter alone), but there was no significant reduction in either serum total or LDL cholesterol 
?. ., ,,. . 1 
ared to baseline. Since there must be a cholesterol reduction comnared to baseline in order compi 

for ‘i-is k of CHD to decrease, it would be misIeading for the claim to imply that plant steroVstano1 

esters affect the risk of CHD regardless of diet, when that may not be the case. 

In addition, as more fully discussed in section V.A of this document, CHD is a major public 

health concern in the United States, and the totality of the scientific evidence provides strong and 

consistent support that diets high in saturated fat and cholesterol are associated with elevated levels 

of blood total and LDL cholestero1 and, thus, CHD (56 FR 60727 at 60737). The majority of 

Americans consume amounts of total fat and saturated fat that exceed the recommendations made 

in &Dietary Guidelines for Americans (Ref. 103). For example, from 1994 to I996 only about 

one-third of Americans age 2 and older consumed no more than 30 percent of caIories from total 

fat and only about one-third consumed less than 10 percent calories from saturated fat (Ref. 104). 

Dietary guidelines from both government and private scientific bodies conclude that the majority 

of the American population would benefit from decreased consumption of dietary saturated fat 

and choIestero1 (Refs. 18 through 21). Thus, the agency finds that it will be more helpful to 

Americans’ efforts to maintain healthy dietary practices if claims about the effect of plant sterol/ 

stanol esters on the risk of CHD also recommend a diet low in saturated fat and cholesterol. 

Moreover, the agency finds that for the public to understand fully, in the context of the total 
,. 

daily diet,;the significance of consumption of plant ster&tanol esters on the risk of CHD (see 
r 

section 403(r)(3)(B)(iii) of the act), information about the total diet must be included as part of 

the claim. Therefore, the agency believes the plant’sterol/stanol-containing food product bearing 
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the health claim shouiti provide information on consul,ling piant steroi/‘stanol esters in the context 

of a health J &1Lt. In fact, ;LS ct~idenccd hq’ the recluiren,.~nt in section 403t I ,. \3)( R )(iii) of the act 

that health claims F?c stated so that the pubiic may understand the significance of‘ the information 

in the context of “a total daily diet,” Congress inrenticd FDA to consider the role of substances 

in food in a way that will enhance the chances of con:>umers constructing diets that are balanced 

and healthful overall (Ref. 105). Therefore, the agency finds that the health claim that is th.e subject 

of this interim rule should be consistent with the Dietary Guidelines for Americans, 2000 (Ref. 

103) guideline for fat and saturated fat intake, which states, “ Choose a diet that is low in saturated 

fat and cholesterol and moderate in total fat.” 

In $ 101.83(c)(2)(i)(B), the agency is requiring, consistent with other health claims, that the 

relationship be qualified with the terms “may” or “might.” These terms are used to make clear 

that not aII persons can necessarily expect to benefit from these dietary changes (see 56 FR 60727 

at 60740 and 58 FR 2552 at 2573) or to experience the same degree of blood cholesterol reduction. 

The requirement that the claim use the term “may” or “might” to relate the ability of piant 

steroI/stanol esters to reduce the risk of CHD is also intended to reflect the multifactorial nature 

of the disease. 

In 8 101.83(c)(2)(i)(C), the agency is requiring, consistent with other authorized health claims, 

that the terms “coronary heart disease” or “heart disease” be used in specifying the disease. 

These terms are commonly used in dietary guidance materials, and therefore they should be readily 

understandable to the consumer (see 56 FR 60727 at 60740 and 58 FR 2552 at 2573). 

In 0 101.83(c)(L)(i)(D), the agency is requiring that the claim specify the substance as “plant 

sterol esters” or “plant Stan01 esters,” except that if the sole source of plant sterols or stanols 

is vegetable oil, the claim may use the term “vegetable oil sterol esters” or “vegetable oil stanol 

esters,” & appropriate. 

Section 101.83(c)(2)(i)(E), consistent with other authorized health claims, requires that the 

claim not attribute any degree of risk reduction of CHD to consumption of diets that contain plant 
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steroktanol esters. Also consistent with other author 

the claim not in- +Iy that corlsumption of diets that LC 

recognized means of reducing CHD risk. 

Investigators h&ve estimated the size of the reduction in risk of heart disease produced by 

a given reduction in blood cholesterol concentration according to age and the time needed to attain 

the full red@?! in risk (Ref. lOl), but these data are popuIation estimates and do not reflect . .<.., a ia:“~ i. ..“ 
..“‘, _(.., ._ 

individual &k’&dti%on potential. Moreover, pop&a&On risk reductibn estimates from plant sterol/ ~,_ ,; “~,, .- ‘:*; -,,. “.c‘ ;,:?$;; 

stanol esier consumption cannot be determined because the data do not reveal a consistent level 

of blood cholesterol reduction for a given plant steroVstano1 ester intake level. Therefore, the pIant 

steroVstano1 ester studies that the agency reviewed do not provide a basis for determining the 

percent reduction in risk of CHD likely to be realized from consuming plant sterolktanoi esters, 

and therefore claims of a particular degree of risk reduction would be misleadmg. 

Section 101.83(c)(2)(i)(G) requires that the claim specify the daily dietary intake of plant sterol 

or stanol esters needed to reduce the risk of CHD and the contribution one serving of the product 

makes to aq.$eving the specified daily dietary intake. This requirement is consistent with 

requirements set forth in $6 101.8 1 and 101.82. 

Section 101.83(c)(2)(i)(G)(l) specifies the daily dietary intake of plant sterol esters needed 

to reduce the risk of CHD. 

In the studies the agency reviewed that show a statistically significant effect of plant sterols 

on total and LDL cholesterol, the amounts fed ranged from 0.74 to 8.6 g/d of free plant sterols, 

which is equivalent to approximately 1.2 to 13.8 g/d of plant sterol esters (Refs. 51, 57, 58, 61 

and 62 (1 study), 65, 67, and 75). (Without the high outlier of 8.6 g/d of free plant sterol ester 

consumed in one study (Ref. 51), the range is 0.74 g/d to 3.24 g/d of free plant sterols (Refs. 

57,58,6E’and 62 (1 study), 65,67, and 75.)) In proposing 1 g/d’ of fr’ee plant sterols (i .6 g/ e’ 

d plant sterol esters) as the daily dietary intake level associated with reduced risk of CHD, the 

plant sterol ester petitioner asserted (Ref. 1, page 41) th2.t intakes above 1 g/d have consistently 
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been showr-i to lower blood total and LDL cholesterol. citing 0-1: !ics D>- M:iEri ct al. (Refs. 

61 and 62 (1 stud>‘), [{ci;Jriks ct al. (Ref. 57). and Wcs,xate and Meijcl* (Ret‘. 67). but that intakes 

below this Ieve have not.. As support for the latter statement, the pctitioncr cited the reports by 

Miettinen and Vanhanen (Refs. 63 and 64 (1 study)), wriich found no statistically significant blood 

cholesterol reduction from consumption oC 8.7 ot’ plant sterols (equivalent to 1.12 g/d nf plant 

sterol esters). 
‘. . ,’ .) 

. . Although the age&y agrees with the plant sterol ester petition& that free plant sterol . . . . _. ,’ ..,: .“., .> 

consumption of greater than 1 g/d (1.6 g/d of plant sterol esters) has consistently been shown 

to lower total and LDL cholesterol levels (Refs. 51, 57, 58, 61 and 62 (1 study), and 6’7), the 

agency reviewed the studies to determine whether there is a lower level at which consumption 

of plant sterols has consistently shown cholesterol-lowering effects. There were three studies (Refs. 

57, 65, and 75) that found a statistically significant reduction in cholesterol with free plant sterol 

consumption less than 1 g/d. Hendriks et al. (Ref. 57) reported the effects of feeding three different 

levels of plant sterol esters, including 1.33 g/d (equivalent to 0.83 g/d free plant sterols). At that 

intake fevel, blood total cholesterol1 decreased by 4.9 percent (p <O.OOI), and LDL choIestero2 

decreased by 6.7 percent (p <O.OOl), compared to a control spread. Sierksma et al (Ref. 75) reported 

that daily consumption of 0.8 g/d of free soybean oil sterols lowered plasma total and LDL 

cholesterol concentrations by 3.8 percent (p < 0.05) and 6 percent (p < O.OS), respectively, 

compared to a control spread. Pelletier et al. (Ref. 65) reported a IO percent reduction in blood 

total cholesteroI (p < 0.001) and a 15 percent reduction in LDL cholesterol (p < O.OOl), compared 

to a control group, in subjects consuming 0.74 g/d of soybean sterois (nonesterified) in 50 g/d 

of butter for 4 weeks. 

For the purpose of setting the daily dietary intake 1~~~1 to be used in tile plant sterol esters 

and risk @ CHD health claim, the agency is placing greater emphasis on studies that incorporated 
.* 

pIant sterol esters into foods that will be permitted to bear the claim. Therefore, the study by 

Pelletier et al. (Ref. 651, in which 0.74 g/d of free plant sterols were incorporated into butter, 
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rather thaii c~ vegetable-based spread, is Icss rebmt ii; determining ‘1 useful &ill, intake le\-,eI. 

PeIIetier et al. (Ref. 65) is also very close to that used in the study by Miettincn and Vanhanen 

(Refs. 63 and 64 (1 study)) which found that 0.7 g/d of free plant sterols did not result in 

statistically sigzifica!! reductions of blood total and LDL’ cholesterol. For the purpose of setting 
. ..‘.. . ..I. . . 1 . ‘I .x. ,,. . I 

a daily intake level, FDA therefore focused instead on the intakes consumed in the Sierksma et II.- . ; L‘ ,, :.‘” ( : . 
al. report (Ref. 75), 0.8 g/d of free plant sterols (equivalent to 1.3 g/d of plant sterol esters), and 

the Hendriks et al. report (Ref. 57), 0.83 g/d of free plant sterols (I.33 g/d of plant sterol esters). 

These two intake levels are almost identical, and both resulted in statistically significant reductions 

in blood total and LDL cholesterol. As previously noted, all other studies with higher intakes of 

plant sterols also resulted in statistically significant reductions of both blood total and LDL 

cholesterol (Refs. 5 I, 57, 58, 61 and 62 (1 study), and 67). The agency therefore finds that 

consumption of at least 0.8 g/d of free plant sterols, or 1.3 g/d of plant sterol esters, has consistently 

been shown to lower blood total and LDL cholesterol. Accordingly, FDA is providing in 

$ 101.83(~)(2)(i)(G)(l) that the daily intake of plant sterol esters associated with reduced risk of 

CHD is 1.3 g or more of plant sterol esters per day. The agency is asking for comments on this 

determination. 

Section 101.83(c)(2)(i)(G)(2) specifies the daily dietary intake of plant stanol esters needed 

to reduce the risk of CHD. In the studies the agency reviewed that show a statistically significant 

effect of plant stanols dn blood total and LDL cholesterol, th, ,mounts fed ranged from 0.8 to 

4 g/d of free plant stanols, which is equivalent to approximately 1.36 to 6.8 g/d of plant stanol 

esters (Refs. 63 and 64 (1 study), 67, 77,78, 80, 8 1 and 82 (1 study), 88 thr&gh 92, and 94). 

In proposi$g 3.4 g/d of plant stanol esters (2 g/d free plant stanols) as the daily dietary intake 

level associated with reduced risk of CHD, the plant stand1 ester petitioner asserted (Ref. 6, page 

12) that intakes of at least 3.4 g/d of plant stanol esters have been shown to significantly reduce 
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blood toiai L~~~J LDL cholesterc>I, citing the studies by .vIicttinen et al. (ix,, SO) and Nguyen (Ref. 

90). 

Although the ngcncy agrees Lvith the plant stanol ester petitioner that plant stanol ester 

consumption of approximately 3.4 g/d has been shown to significantly !owcr total and LDL 

cholesterol Ievels in several studies (Refs. 80, 89, 90, and 94), FDA notes that two other studies 

(Refs..77 and 97) with an intake level of plant stanol esters greater than 3.4 g/d did not report 

significant reductions in blood total and LDL cholesterol levels. The study by Denke (Ref. 97) 

did not find reductions in either total or LDL cholesterol after consumption of a total daily intake 

of 3 g/d of free plant stanols iequivalent to 5. I g/d of plant stanol esters). Unlike most of the 

other studies that the agency reviewed, however, .the Denke study (Ref. 97) was not a randomized, 

placebo-controlled, double-blind study, but rather a fixed sequence design. One result of this design 

was that during the plant stanol dietary supplement phase the subjects consumed an additional 

12 g of fat that they did not consume in other phases; this makes comparisons between phases 

difficult, and therefore FDA gives less weight to this study. 

In a report by Hallikainen et al. (Ref. 77), total cholesterol, but not LDL choIesteroI, was 

significantly reduced after consumption of 3.9 g/d plant stanol esters from a vegetable oil source; 

this same study reported statistically significant reductions in both blood total and LDL cholesterol 

from a daily intake of 3.9 g/d of plant stanol esters from a wood-deri-ded source. After evaiuati.ng 

the relative effectiveness of the vegetable oil and wood-derived plant stanol esters, however, the 

authors of this study -oncIuded that the cholesterol-lowering effects of plant stanol esters from 

these two sources die not differ significantly. Pointing out that there were no significant differences 

in absolute or percentage changes in cholesterol concentrations between the vegetable oil and wood- 

derived plant stanol ester groups and that the percentage reduction in LDL cholesterol for the 

vegetable.6iI stanol esters compared to control was “ almost significant” (p = 0.072) , these authors 

concluded that both wood-derived stanol esters and vegetable oil stanol esters reduce serum 

cholesterol concentrations “with apparently equal efficacy.” Another study supports this 



61 
x.- 

conclusion. Pi,, et al. (Ref. 92) compared the recixtions in blood totA ,tnci LDL cholesterol in 

cholesterol reductions in subjects u,ho consumed x equal amount of vegetable oil stanol esters. 

Again, no statistically significant differences were found; in numerical terms, the cholesterol 

reductions associated with the vegetabIe oil stanol esters were siightly greater. 

Jn.:J,ight of the strong evidence (four studies) that 3.4 g/d of’plant”stanol’esters significantly 
*.,,;, &,. : i : &“;;:7d. 

.,&-, .- k;y ,.c,gl. r . . . ; ,. . _” ,,_ .‘.Z ‘“.‘-’ I _: :.. ‘2 ‘_ 
lowe&both total and LDL cholesterol, FDA concludes that intakes-of 3.4 g/d or more of plant 

.m~;:,.+ ...G;.111::7i’ ,‘$y., 

stanol esters can ‘be expected to significantly lower both total and LDL cholesterol. As explained 

above, the agency is giving less weight to the Denke study (Ref. 97), in which the intake of 

plant stanols was equivalent to 5.1 g/d of plant stanol esters, than to the four studies at the 3.4 

g/d intake (Refs. 80, 89, 90, and 94) because of a weakness in the design of the Denke study. 

Although the failure of the Hallikainen study (Ref. 77) to show a statistically significant reduction 

in LDL cholesterol at 3.9 g/d of vegetable oil stanol esters raises a question about whether the 

source of the plant stanol esters affects the daily intake level necessary to achieve a benefit, it 

appears that this was an anomalous result, as explained above. Two studies (Refs. 77 and 92) 

have concluded that plant stanoi esters from vegetable oil and plant stanol esters from wood sources 

have equal effectiveness in lowering both total and LDL cholesterol. 

FDA also reviewed the studies to determine whether there is a level lower than 3.4 g/d at 

which consumption of plant stanol esters has consistently shown cholesterol-lowering effects. The 

lowest level at which a study found statistically significant reductions in both total and LDL 

cholesterol was 1.36 g/d of plant stanol esters (Refs. 63 and 64 (1 study)). However, another study 

at the same level reported a statistically significant reduction in serum total but not LDL cholesterol 

(Ref. 58). Further, a study by Hallikainen et al. (Ref. 88) at-a siightiy’higherlevei reported that 
. . ..A’ 1. ,.:,_ .‘.: .; ‘-A, : ,,- ,.. ._ .-._ 

1.4 g/d of $a& stanol esters did not significantly reduce serum total or LDL.cholesterol levels. ,.. , 
II 

The same study-(Ref. 88) reported that 2.7 g/d of plant stanol ester significantly reduced serum 

total and LDL cholesterol levels. However, Jones et al. (Ref. 58) found significant LDL cholesterol, 
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but not total choresterol, reductions with intake ot‘ 3.31 e/d plant stanol estclb (Ref. 5%). Thus. 

the agency was unable M find an intake level lo\iw thai.1 3.4 g/d that consistentI>* showed 

cholesterol-towering effects for both total and LDL chol:zsterol. 

Except as previously noted for the studies by Denke (Ref. 97) and Hallikainen (Ref. 77), 

all the studies with intakes of 3.4 g/d or more of plant stanol esters resulted in statistically 

significant redu:tions of both total and LDL cholesterol levels (Refs. 67, 77, 78, 80, 81 and 82 

(1 study), 88 through &and 94). The agency agrees with the petitioner that a total daily intake 

of at least 3.4 g/d of plant stanol esters (equivalent to 2 g/d of free plant stanols) represents an 

amount that has been shown to be effective in reducing bIood cholesterol. Accordingly, FDA is 

providing in 0 101.83(c)(2)(i)(C)(2) that the daily intake of plant stanol esters associated with 

reduced risk of CHD is 3.4 g or more of plant stanol esters per day. The agency is asking for 

comments on this determination. 

In 6 101.83(c)(2)(i)(H), FDA is requiring the claim to state that the daily dietary intake of 

plant sterol/stanol esters should be consumed in two servings eaten at different times. In the studies 

showing a statistically significant effect of plant sterols or plant sterol esters on blood total and 

LDL cholesterol levels, subjects were provided with and instructed to consume the daily intake 

of plant sterols or plant sterol esters in two (Refs. 51, 57, 61 and 62 (1 study), and 67) or three 

(Refs. 58 and 74) servings at different times of the day, or subjects were provided with the plant 

sterol-containing food and asked to replace from 25 to 50 g of their typical dietary fat intake 

with an equal amoun: af the test food over the course of the day’s dietary intake, usually during 

meals (Refs. 63 and 64 (1 study), 65, and 75). The agency concludes that, to be consistent with 

the conditions of the studies on which the claim is based, the daily intake of plant sterol esters 

should be consumed in at least two servings eaten at different times during the day with other 

foods. For-the reasons given in section V.D. 1 .a of this document, FDA is specifying two servings 

as the target number of servings. 
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Similarly, in the studies showing a statistically si pificant effect of plant stanolc or plant stanoi 

esters on blood total and LDL cholesteroi le~~els, subjecls were p,,.. , :,fed \virh and instructed to 

consume the daily intAx of plant stanols or.plnnt- stanoi esters in t\f’o (Ref. 67) or three (Refs. 

58, 74, 80, and 88 through 92) servings at different times of the day, or subjects were provided 

tiith the plant stanol-containing food and asked to repiace from 25 to 50 g of their typical dietary 

fat intake with 2n equal amount of the test food over the course of the day’s dietary intake, usually 

&uing ineals (Refs. 63 and 64 (1 study), 77,78,8 1 and 82 (1 study), and 94). The agency concludes 

that, to be consistent with the conditions of the studies on which the claim is based, the daily 

intake of plant stanol esters should be consumed in at least two servings eaten at different times 

during the day with other foods. For the reasons given in section V.D. 1 .b of this document, FDA 

is specifying two servings as the target number of servings. 

C. Nature of the Substance 

Section 101.83(c)(2)(ii)(A)(I) specifies the plant sterol esters that have been demonstrated 

to have a relationship to the risk of CHD. Plant sterols can be classified on structural and 

biosynthetical grounds into 4-desmethyl sterols, 4-monomethyl sterols, and 4,4-dimethyl sterols. 

Plant sterols of the 4-desmethyl sterol class are the plant sterols that have demonstrated the blood 

cholesterol-lowering effect (Refs. 51, 57, 58, 63 and 64 (1 study), 65, 67, and 75). The major 

4-desmethyl sterols are beta-sitostero!, campesterol and stigmasterol (Ref. 106). 

Most of the studies that the agency reviewed used vegetable oil sterols, particularly those 

derived from soybean oil, as the source of beta-sitosterol, campesterol, and stigmasterol. These 

three 4-desmethyl sterols are also the pre’dominant sterols in corn and canola oil. According to 

the plant sterol ester petitioner, the typical sterol composition of plant sterol esters is as follows: 

beta-sitos$rol contributes from 30 to 65 percent (by weight) of the sterols, campesterol contributes 

from 10 t; 40‘ per&t df the sterols, and stigmasterol contributes from 6 to 30 percent of the 

sterols, with other sterols making up no more than 9 percent of the total (Ref. 1, appendix E). 
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The Composition of tlzc: vegetable oils used as sterol G~LII-ccs in ~nost 01‘ the studies that demonstrated 

a cholesterc,l :,xvering elect \\‘as simiiar (Refs. 51, 57 58, 65. 67. and 7.C 

Ricebrnn oil and shcanut oil principally contain the methylattd sterols of the 1.4dimethyl 

sterol class. Studies investigating the effects of sterols ii-om riccbran oil and sheanut oil on blood 

cholesterol levels have not found a cholesterol-lowering effect (Refs. 67 and 75). The structure 

of the 4-desmethyl sterols is more similar to cholesterol than the structure of 4,4-dimethyl sterols. 

Because of this structural similarity, it has been suggested that the 4-desmethyl sterols may offer 

more opportunity for competition with cholesterol for incorporation into mixed micelles, one of 

the putative mechanisms for the blood cholesterol-lowering action of sterols (Ref. 75). 

In studies that found a significant effect on blood cholesterol levels and reported the sterol 

composition of the plant sterol esters tested, the total amount of the major 4-desmethyl sterols 

(beta-sitosterol, campesterol and stigmasterol) provided to the subjects during the experimental 

period ranged from 76 to 98 percent (Refs. 51, 57, 58, 65, 67, and 7.3, with only 1 study at 

76 percent (Ref. 65). The rest of the studies clustered toward the high end of the range, between 

89 to 98 percent (Refs. 51, 57, 58, 67, and 75). The agency believes there are a number of likely 

sources of variability in the sterol composition of the plant sterol ester mixtures, including 

variability in analytical determinations, processing, seasonal changes, and variety of the crop used. 

FDA does not have data on the extent of variability in sterol composition but has concluded that 

it is necessary to provide for some such variability. Given the distribution of the sterol composition 

percentages in the studies that showed significant effects on blood cholesterol levels and the 

possible variability L plant sterols in the finished product, FDA has decided to require that the 

combined percentage of beta-sitosterol, campesterol, and stigmasterol in the plant steroi component 

of plant sterol esters be 80 percent or higher as a condition of eligibility to bear the health claim. 

The agency requests comments on the variability of the level of beta-sitosterol, campesterol, and 

stigmasterol in plant sterols, particularly with respect to the variability of these levels in the plant 
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sterol component of plant sterol ester products used in studies that r6portecl significant cholesterol- 

lowering effect.,. 

The agency is specifyin, (7 that only edible oils may he used as the source oils for plant sterols. 

The agency is also specifying that food-grade fatty acids must be used to esterify the plant sterols. 

Atthough the agency is not specicying further the type of fatty acid, such as chain length and 

degi%e of unsaturation, FDA expects that the f&y acids will primarily be monounsaturated or 
: ,, I,.-. _ ~-i w.‘+.r%r, j ;: ., ,-_ : : : ..&p: . . ,_. \,.._ ^I 

IS.2 i -. :‘z;“, ;t., >+. . .~Qf : c; > 
polyunF?t$a&d fatty”$cids to avoid increases iA saturated fatty acid &ntent of the final food 

:; i: ” “: ,“* -rl.,._ -*. ,“>.. i T.. i ‘s”$’ 

products. -’ 
,’ .’ .x ‘. 

Section 101.83(c)(2)(ii)(A)(I) provides that the plant sterol substance that is the subject of 

the health claim for reduced risk of CHD is plant sterol esters prepared by esterifying a mixture 

of plant sterols from edible oils with food-grade fatty acids. Consistent with information in the 

petition and the sterol composition of test substances used in the studies that showed a cholesterol- 

lowering effect, 8 IOl.83(c)(2)(ii)(A)(Z) further provides that the plant sterol mixture shall contain 

at least 80 percent beta-sitosterol, campesterol, and stigmasterol (combined weight). The agency 

is requesti& comments on’ these requirements. ’ ‘-” 

Section 101.83(c)(2)(ii)(A)(2) sets out FDA’s decision that plant sterol esters, when evaluated 

for compliance purposes by the agency, will be measured by a method that is based upon a standard 

triglyceride or cholesterol determination that uses sample saponification followed by hexane 

extraction and includes an internal standard. The extract is analyzed by gas chromatography. The 

method, found in appendix F of the plant sterol esters petition (Ref. 1) and titled, “Determination 

of the Sterol Content in Margarines, Halvarines, Dressings, Fat Blends and SteroI Fatty Acid Ester 

Concentrates By Capillary Gas Chromatography,” Concentrates By Capillary Gas Chromatography,” developed by Unilever United States, Inc., dated developed by Unilever United States, Inc., dated 
v-- v-- ‘,r ‘,r 

February 1, 2000, describes a gas chromatographic procedure for determination of the total &ol February 1, 2000, describes a gas chromatographic procedure for determination of the total &ol “.. -“z’s ,,. ..*.i.<.#‘:,, _,. ~ “.. -“z’s ,,. ..*.i.<.#‘:,, _,. ~ ‘ . ,,, ,.. ‘ . ,,, ,.. _I ;.._ _I ;.._ -:.- I,.Z< ,i., -:.- I,.Z< ,i., _ -.:, .., _ -.:, .., .., .., 
:: :: ._ ,,’ ‘, ._ ,,’ ‘, 

content in*~&arg&in&,‘“halvarines (low fat spreads), dressings, fats or faf blends and in steroi ester content in*~&arg&in&,‘“halvarines (low fat spreads), dressings, fats or faf blends and in steroi ester .,’ .,’ 

concentrates. The method is designed for total sterol levels of approximately 10 percent in concentrates. The method is designed for total sterol levels of approximately 10 percent in 

niargarines, fat and fat blends, 8 percent in halvarines, from 3 to 16 percent in dressings, and niargarines, fat and fat blends, 8 percent in halvarines, from 3 to 16 percent in dressings, and 
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approximately 60 percent in sterol ester concentrates. .Jn intern,,, .,,,ndarcl IS added for 

quantification. ‘The S;W~QIC ii; saponified and the unsap~~nii‘iable rvrtion is cstrnctod I\ ith heptane. 

The extract is kn ;~IMI>x~ by gas chromatography llsillg a nonpolar stntionq~ phase capillary 

column with beta-cholestanol as an interna standard. The petitioner has submitted data that 

demonstrate the precision and inter-anaIyst reproducibility of the method (Ref. 1, appe;;dix F). 

Specific sterols have been identified based on gas chromatography/mass spectrometry (GUMS) 
., : i ;.- .,_,“. 

analysis and comparison of data in the mass spectral library of the National Institute of Standards 

and Technology (NIST) (Ref. 4). The method has neither been subjected to validation through 

the Association of Official Analyticai Chemist’s (AOAC’s) collaborative study or peer-verified 

method validation procedures, nor is it published in the open literature. FDA is requesting 

comments on the suitability of the plant sterol ester petitioner’s method for assuring that foods 

bearing the health claim contain the qualifying levels of plant sterol esters. In this document, FDA 

is incorporating the plant sterol ester petitioner’s method by reference in accordance with 5 U.S.C. 

552(a) and 1 CFR part 5 1. Copies of the method may be obtained from the Center for Food 

Safety and Applied Nutrition’s Office of Nutritional Products, Labeling, and Dietary SuppIelments, 

Division of Nutrition Science and Policy, 200 C St. SW., rm. 2831, Washington, DC 20204, and 

may be examined at the Center for Food Safety and Applied Nutrition’s Library, 200 C St. SW., 

rm. 3321, Washington, DC, or at the Office of the Federal Register, 800 North Capital St. NW., 
, 

suite 700, Washington, DC. 

Section 101.83(~)(2)(ii)(B)(I) specifies the plant stanol esters that have been demonstrated 

to have a relationship to the risk of CHD. Sitostanoi and campestanol, the saturated (at the 5 

position) derivatives of beta-sitosterol, campesterol, and stigmasterol, are the plant stanols that have 

demonstrated the blood cholesterol-lowering effect (Refs. 58, 63 and 64 (1 study), 67, 77, 78, 

8 1 and 8qy( 1 study), 88 through 92, and 94). Like the st.erols from which they derive, sitostanol 

and campestanol are in the 4-desmethyl sterol class, and as such are similar in structure to 

cholesterol. Sitostanol is formed by the hydrogenation of beta-sitosterol, and also by the complete 
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hydrogenation of stigmasterol (stigmasteroi has t\t’o ci~~rble bonds that :tre saturated during the 

hydrogenation process. \r%crcn~ sitostanol has one doui7le bon CI (11,~~ 1s saturaied during the 

hydrogenation process ). C~~~pcst;tnol is formed b>, the hydrogcnaiion of campestcrol. 

Most of the studies that the agency reviewed used vegetable oil stanols or wood-derived plant 

stanols as the source of sitostanol and campestanol. According to the plant stanol ester petitioner, 

the star& in plant stanol esters are derived from hydrogenated plant sterol mixtures or extracted 
:’ 

L 
‘, ., ._ 

:. from.@lant soiJitices (Ref. s, page 18). In studies that found a significant effect on blood cholesterol 

levels and reported the stanol composition of the plant stanol esters tested, the combined percentage 

of sitostanol and campestanol ranged from 64 to 100 percent by weight (Refs. 58, 63 and 64 

(1 study), 67, 77, 78, 88, 90, and 92), with only one study at 64 percent (Refs. 63 and 64 (1 

study). The rest of the studies clustered toward the high end of the range, between 89 and 100 

percent (Refs. 58, 67, 77, 78, 88, 90, and 92). 

The agency believes there are a number of likely sources of variability in the stanol 

composition of the plant stanol ester mixtures, including variability in analytical determinations, 

processing, seasonal changes, and variety of the crop used. FDA does not have data on the extent 

of variability in stanol composition but has concluded that it is necessary to provide for some 

such variability. Given the distribution of the stanol composition percentages in the studies that 

showed significant effects on blood cholesterol levefs and the possible variability of plant stanofs 

in the finished product, FDA has decided to require that the combined percentage of sitostanol 

and campestanol in the plant stanol component of plant stanol esters be 80 percent or higher as 

a condition of eligibility to bear the health claim. The agency requests comments on the variability 

of the level of sitostanol and campestanol in plant stanols, particularly with respect to the variability 

of these levels in the plant stanol component of plant stanol ester products used in &dies that 
/ 2 

reported significant cholesterol-lowering effects. 
L 

The agency is specifying the source material for plant stanols, which may be either plant- 

derived oils or wood. The plant stanol ester petitioner’s GRAS determination, and consequently 
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the agency s safe and la\vful conclusion in section II.d.3.h.i of this dwuil~;nt. :lppl>r only to plant 

Therefore, FDA 1s Im\.idin, CT hat plant-derived oils uwf as the w~rcc for plant stanols must be 

edible oils. If wood is used as the source material, thr: plant stanols must be derived from 

byproducts of the kraft paper puIping process. The agency is also specifying that food-grade fatty 

acids must beused to esterify the plant stanols. Although the agency is not specifying further ls. 

the type of fatty acid, such as chain length and degree of unsaturation, FDA expects that the fatty 

acids’will primarily be monounsaturated or polyunsaturated fatty acids to avoid increases in 

saturated fatty acid content of the final food products. 

Section 101.83(c)(2)(ii)(B)(I) provides that the plant stanol substance that is the subject of 

the health claim for reduced risk of CHD is plant stanol esters prepared by esterifying a mixture 

of plant stanols derived from edible oils or byproducts of the kraft paper pulping process with 

food-grade fatty acids. Consistent with the stanol composition of test substances used in the studies 

that showed a cholesterol-lowering effect, 8 lOl.83(cj(2)(ii)(B)(I) further provides that the plant 

stanol mixture shall contain at least 80 percent sitostanol and campestanol (combined weight). The 

agency is requesting comments on these requirements. 

Section lOl.&3(c)(2)(ii)(B)(2) sets out FDA’s decision that plant stanol esters, when evaluated 

for compliance purposes by the agency, will be measured using a standard cholesterol determination 

that uses sample saponification, followed by heptane extraction, derivatization to trimethylsilyl 

ethers and analyzed by gas chromatography. 

The plant stanc’ ester petitioil (Refs. 8, 11, and 14) provided the following four analytical 

methods developed by McNeil Consumer Healthcare dated February 15, 2000, for use in different 

food matrices. The method titled “Determination of Stanols and Sterols in BenecoW Tub Spread” 

describes:a procedure for determination of stanols and sterols in tub spreads containing 6 to 18 

percent s&o1 esters. The primary analytes are sitostanol, carnpestanol, sitosterol and campesterol. 

3 “BenecoW is the plant stanol ester petitioner’s brand of plant stanol ester-containing food products. 
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Samples are 5 ,+nified directiy Lvith alcoholic pot;..4Llm hydroxf;i. c. .~~~~~lOls and sterols r--main 

in the unsaponified fraction :~nd XC extracted with ixxane. TIIC extracted StalicJh and sterols are 

then derivatized to trimethylsilyl cthcrs and an;il~~z~.d by* gas chromatoy-aphq,. The internal standard 

utilized is cholestanol. 

The method titled “Determination of Stanols and Sterols in Benecol Snack Bars” is suitable 

for the determination of stanols and sterols in snack bars containing 2.5 to 7.5 percent stanol esters. 
-.e . : _’ : 1 : __ ,; _- :“A ‘. ;-‘ :c ,.a);’ .,. . ._‘..... i ., *.. 

The method titIe?:“Determination of Stanots and Sterols in BenecolB Dressing” is suitable for ,. .- _, 

determination of stanols and sterols in dressing for salad containing 3 to 8 percent stanol esters. 

Both the dressing for salad and snack bar procedures are similar to that described above for 

BenecolB tub spread. 

The method titled “Determination of Stanols and Sterols in BenecolB Softgels” describes 

a procedure for determination of stanols and sterols in softgels (gelatin capsules with liquid center) 

containing from 464 to 696 nanograms of stanol esters. The primary analytes are sitostanol, 

campestanol, sitosterol and campesterol. Stan01 ester centers are washed from the gelatin shell 

and directly saponified with alcoholic potassium hydroxide. Stanols and sterols remain in the 

unsaponified fraction and are extracted with hexanc. The extracted stanols and sterols are then 

derivatized to trimethylsilyl ethers and analyzed by gas chromatography. The internal standard 

utilized is cholestanol. 

The methods described above separate the major plant stanols in food products from their 

sterol derivatives. The petitioner has submitted data that show that these analytical methods are 

linear over a specified range, accurate, precise and reproducible (Refs. 8, 11, and 13). Gas 

chromatography/mass spectrometry studies were used to confirm the identity of the major stanols 

(Ref. 14). The data obtained from GC/MS studies with the plant stanol ester raw material and 
t i,l 

with chen&al standards were compared with published spectra and confirmed the purity and . 

identity of the major stanols, sitostanol and campestanol. The method has neither been subjected 

to validation through the AOAC’s collaborative study or peer-verified method validation 



procedures, nor IS it published in tk open literature. FD.4 is requesting comments on the suitability 

of the piant stanol ester petitioner’s methods for assurir ,g that foods bear-in: the health claim contain 

the qualifyin g iev~ls of plant stanol esters. In this docunwt, FD;l is inccxporating the plant stanol 

ester petitioner’s methods by reference in accordance with 5 U.S.C. 552(a) and I CFR part 5 1. 

Copies of the methods may bk obtained from the C‘enttx for Food Safety and AppIied TJutrition’s 

Office of Nutritional Products, Labeling, and Dietary Supplements, Division of Nutrition Science 

and Policy, 200 C St. SW., rm. 283 1, Washington, DC 20204, or may be examined at the Center 

for Food Safety and Applied Nutrition’s Library, 200 C St. SW., rm. 3321, Washington, DC, and 

at the Office of the Federal Register, 800 North Capital St. NW., suite 700, Washington, DC. 

D. Nature of the Food Eligibie to Bear the Claim 

1, Eligible Types of Foods and Qualifying Level of Plant SteroJ./Stanol Esters Per Serving 

a. Plant sterol esters. Section 101.83(c)(2)(iii)(A)(I) provides that the types of foods eligible 

to bear the plant sterol esters and risk of CHD health claim are spreads and dressings for salad. 

Section IO1.83(c)(2)(iii)(A)(Z) requires that any food bearing the health claim contain at least 0.65 

g of plant sterol esters per reference amount customariJy consumed (RACC) (i.e., per standardized 

serving). See $101.12 for an explanation of how RACC’s are determined and a list of RACC’s 

for commonly consumed foods. As discussed in section V.B of this document, the daily dietary 

intake level of plant sterol esters that has been associated with reduced risk of CHD is 

approximately 1.3 p 3r more per day. 

The petitioner suggested that the qualifying level for foods to bear a health claim be 1.6 

g per RACC, the same as the target daily intake level associated with reduced risk of CHD. The 

petitioner stated that the RACC’s for spreads and dressings for salad, 1 and 2 tablespoons (tbsp), 

respectively, are similar to the mean daily intakes of spreads and dressings for salad identified 
_. 

in the U.S. Department of Agriculture (USDA) 1994196 Continuing Surveys of Food Intakes by 

Individuals (Ref. 1, appendix G), which were 11.4 and 40 g/d, respectively. The petitioner reasoned 



that the qualifying Ievel per RACC should be the sarnt: ns the tarset daily intx;L’ ICTCI 10 assure 

that people who consume only one serving a day of spread or cir~~.,,,~~- JC will still be able to obtain 

the health benefit.\ of the target daily intake level. 

Although FDA recognizes that, based on the plant sterol ester petitioner’s data, LJ.S. mean 

consumption for users of such products is only one serving of spread or dressing for salad a day, 

the agency is-persuaded by the evidence from the studies supporting the claim that the daily amount 
I _.%. :, 

should b~,~$j&xLed in at least two seivings e&n at differetittimes (see discussion of 

$ 101,83(c)(2)(i)(H) in section V.B of this document). 

The agency has generally made the.assumption that a daily food consumption pattern includes 

three meals and a snack (see 58 FR 2302 at 2379, January 6, 1993). Because of the wide variety 

of types of foods that could contain qualifying levels of soy protein in the soy protein/CHD health 

claim (8 101.82) or soluble fiber in the soluble fiber/CHD health claim (0 101.81), the agency 

concluded that the assumption of four servings/day of such foods was reasonable. Therefore, the 

daily qualifying level for soluble fiber substances and soy protein foods was based on consumption 

of. four servings/day of such products. In contrast, 5on.zver, there is not a wide variety of foods 

that contain plant sterol esters in significant quantities, and therefore the agency believes that it 

would be difficult for many consumers to eat four servings a day of such foods. The agency also 

has concluded that a recommendation for four servings of plant steroi ester-containing foods per 

day would not be an appropriate dietary recommendation because such foods are necessarily fat- 

based. 

FDA believes that a recommendation for plant sterol-containing products to be consumed over 

two servings per day is reasonable in light of the composition of these products (i.e., their fat 

content) and the limited number of available products. Therefore, the agency is requiring that a 
I. 

food bea&g -a health claim for plant sterol esters and risk of CHD contain at least 0.65 g of *. 

plant sterol esters per reference amount customarily consumed (1.3 g divided by two servings per 

day). The agency is requesting comments on this decision. 
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The plant sterol ester petitioner requested that the <iaim be permitted for spri’ads and dressings 

for saIad. TIL (xtitioner did not request authorization tI USC the health ci;lillr in the labeling of 

any other tS;pc ot corl\‘c’ntionnl food nor in the labeling of dietary supplements. The agency 

concluded in section II.B.3.a that the petltroner satlsfik the requirement of $ IO2 I 14(b)(3)(ii) to 

demonstrate that the use of plant sterol esters in spreads and dressings for salad at the levels 

necessary to justify a claim is safe and lawful. Furthermore, the petitioner submitted analytical 

methods for measurement of plant sterol esters in spreads and dressings for salad. Therefore, the 

agency is providing that the foods eligible to bear the health claim are spreads and dressings for 

salad. If comments on this interim final rule submit supporting data establishing that the use of 

plant sterol esters in other food products is safe and lawful and provide a validated analytical 

method that permits accurate determination of the amount of plant sterol esters in these foods, 

FDA will consider broadening the categories of foods eligible to bear the claim in the final rule. 

b. giant stand esters. Section lOl.S3(~)(2)(iii)(A)(2) provides that the types of foods eligible 

to bear the plant stanol esters and risk of CHD health claim are spreads, dressing for salad, snack 

bars, and dietary supplements in softgel form. Section 101.83(c)(2)(iii)(A)(2) requires that any food 

bearing the health claim contain at least I .7 g of plant stanol esters per reference amount 

customarily consumed. As discussed in section V.B of this document, the daily dietary intake level 

of plant stanol esters that has been associated with reduced risk of CqD is 3.4 g or more per 

day. 

The plant stanol ester petitioner suggested that the qualifying level for foods to bear a health 

claim be 0.85 g per kACC. The petitioner explained th;lt this level was derived by dividing the 

target daily intake level of 3.4 g plant stanol esters by four daily servings. 

As discussed in section V.B of this document, analysis of the studies supporting the claim 

ha< persuided FDA that the daily intake of plant stanol esters should be consumed in at least 

two servings eaten at different times. Moreover, as with plant sterol esters (see section V.D. 1 .a 

of this document), FDA believes that two servings of plant stanol esters per day is a more 
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appropriate baseline than four. There is not a \tkle vnric?ty of foods that contain plant stanol esters 

ir, significant qlr,trlCtitx,. and therefore it \~,ould lx ciifficult f:)r man>’ consum~~~s to eat four servings 

of plant sterol ester-containing foods per day would not be an appropriate dietary recommendation 

bkcause such foods, like foods containing plant sterol esters, are necessarily fat-based. 

- ‘As ‘%tl?B%$terol esters, the age&y be’li&Gs -thAi a recommendation ‘for the daily intake I . ,’ .; I .__ .- ,,~ : f.,‘“‘ “, .; /,<.;.\.iiL,,+“’ .;.. “ -. *. ‘“’ ,‘L : “. . . .,~..i. ., . 
of plati~@&$~~,&~‘t~ be consutied ovkr t&o &vin&. pki day is reasonable in light of the >.v: . .,:., 
composition ‘of products containing plant stanol esters (i.e., their fat content) and the limited number 

of available products. Therefore, the agency is’requiring that a food bearing a health claim for 

plant stanol esters and risk of CHD contain at least 1.7 g of plant stanol esters per reference 

amount customarily consumed (3.4 g divided by two servings per day). The agency is requesting 

comments on this decision. 

The plant stanol ester petitioner requested that the claim be authorized for use on conventional 

foods and dietae’supplements. The agency concluded in section II.B.3.b of this document that 

the petitiori& satisfied the requirement of 0 lOl.l4(6j(?)(ii) to demonstrate that the use of plant 

stanol esters in conventional foods or dietary supplements at the Ievels necessary to justify the 

claim is safe and lawful. The petitioner also submitted analytical methods for measurement of 

plant stanol esters in spreads, dressings for salad, snack bars, and dietary supplements in softgel 

(gelatin capsules with liquid center) form; however, the petitioner did not submit an analytical 

method suitable for measurement of plant stanol esters in other foods. Without such a method, 

FDA would have no way to verify that foods bearing the health ciaim contain the qualifying level 

of plant stanol esters per RACC, and false claims could be made that would mislead consumers. 
..- 

Therefore,‘thG a&&~ concludes that‘ &Iy foods foi which a suitable method is available sh&ld Therefore,‘thG a&$ concludes that‘ &Iy foods foi which a suitable method is available sh&ld 
I* I* 

t. _G ,.-.. t. _G ,.-.. 
” j ..‘L.‘, _,.,..,. ” j ..‘L.‘, _,.,..,. , , 

., ., ..:; ..:; 

be au~$~$$S~x~~~;~b.u+ the health claim. ‘&brdi@ly, ‘FDA.is providing that the foods eligible to be au~$~$$S~x~~~;~b.u+ the health claim. ‘&brdi@ly, ‘FDA.is providing that the foods eligible to ,. ,. . . ,F, 9’ ,F, 9’ ,., ,., _i _i i i ..^ ,_l,J ..* ..^ ,_l,J ..* . ̂ . . ̂ . 
bear the h&l&cl&m are spreads, dressings fat salad,“&& bars, and dietary supplements in softgel bear the h&l&cl&m are spreads, dressings fat salad,“&& bars, and dietary supplements in softgel 

f6rm. If -commktits bn this interim final rule provide a v&d&d tinalytictil’tiethod t&t p&-n&s 
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accurate determination of the amount of plant stanol ctiicrs in (GI~L’I ~~KKIs, F’DA will conside 

a. Lhw~ftlt. In $ 101.83(c)(2)(iii)(B). the a?encv ,is requirin,, 0 consistent with other authorized 

heart disease health claims, that foods bearing the health claim meet the requirements for “low 

saturated fat” and “low ch,olesterol” (see 6 101.62(c)(2) and (d)(2)‘(21 CFR 101.62(c)(2) and 

(d)(Z)). As discussed elsewhere in this document and in the preamble to the final rule on fiber- 

containing fruits, vegetables, and grain products and CHD (58 FR 2552 at 2573), the scientific 

evidence linking diets low in saturated fat and cholesterol to reduced risk of CHD is strong. 

Therefore, FDA has consistently required foods that make claims about reducing the risk of CHD 

to be low in saturated fat and choIestero1. 

With few exceptions, as noted below, FDA has also required that foods bearing the previously 

authorized CHD health cIaims meet the requirements for “low fat” (see &101.62(b)(2)). In the 

dietary lipid and CVD proposed rule, FDA proposed that in order for a food to bear the health 

claim, the food must me&t the requirements for a “low ~ ’ claim relative to total fat content (56 

FR 60727 at 60739). The agency noted that, while total fat is not directly related to increased 

risk for CHD, it may have significant indirect effects. The agency mentioned that low fat diets 

facilitate reductions in the intake of saturated fat and choIestero1 to recommended levels. i 

Furthermore, the agency noted that obesity is a mqjor risk factor for CHD, and dietary fats, which 

have more than twice as many calories per gram as proteins and carbohydrates, are major 

contributors to total calorie intakes. For many adults, maintenance of desirable body weight is 

more readily achieved with moderation of intake of total fat. The agency also concluded that this 

approach would be most consistent with the U.S. DietaN Guidelines, 4th edition (Ref. 107) and 
&‘ : 

other dietary guidance that recommended diets iow in saturated fat, total fat, and dholesterol. In F 

the dietary saturated fat and cholesterol and CHD final rule (58 FR 2739 at 2742), FDA required 

most foods bearing the claim to meet the requirements for “low fat,” but allowed for the exception 



that fish anu game meats could 

whole soybeans in the soy protein final rule (64 FR 57700 at 577 18 1. as long as those products 

contained no additional fat not derived from the soybeans. FDA noted that products derived from 

whole soybea,,s are useful sources of soy protein that, like fish and game meats that are “extra 
c: 

lean;” can be appropriately incorporated in a diet that is low in fat, saturated fat, and cholesterol. 

The recently distributed Dietary Guidelines for Americans, 2000 (Ref. 103) modify the 

previous guideline for total fat intake. The new guideline states, “Choose a diet that is Iow in 

saturated fat and cholesterol and moderate in total fat.” This new guideline also states. “Some 

kinds of fat, especially saturated fats, increase the risk for coronary heart disease by raising the 

blood cholesterol. In contrast, unsaturated fats (found mainly in vegetable oils) do not increase 

blood cholesterol.” This modification in the dietary guidelines, from the recommendation to choose 

a diet low in total fat in the 4th edition of the U.S. Dietary Guidelines (Ref. 107) to the 

recommendation to choose a diet moderate in total fat in the Dietary Guidelines for Americans, 

2000 (Ref. 103) is based on current scientific evidence of the role of diet in CHD, which does 

not support assigning first priority to a diet low in total fat (Ref. 108). The agency’s reliance 

on dietary guidelines in this rulemaking and in previous health cIaim regulations is based on 

provisions of the 1990 amendments that direct FDA to issue health claim reguiations that take 

into account the role of the nutrients in food in a way that will enhance the chances of consumers 

maintaining healthy dietary practices (see section 403(r)f3)(A, and (r)(3)(B) of the act (21 USC. 

343(r)(3)(A) and (r)(3)(B)), along with legislative history that mentions the role of health claims 

in encouraging Americans to eat balanced, healthful diets that meet federal government 

recomrne&lations (Ref. 1 OS). 

The agency finds that not imposing a “low fat” requirement is consistent with the emphasis 

in the new Dietary Guidelines for Americans, 2000 (Ref. 103) on diets moderate in total fat. 
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:e amounts customarily consumed for sPreads and dressings fdr salad are 
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“the public ne 
.” 

21 value of the c&n would be undmnined. The agenL J herefore concludes that 
;. .Z’“, ._. 

.-.::~,~~~~~~~;~ecqnci factor also supports granting an exception. ‘_ .. ,,. ,,. .z., : 
*oposed ruie was whether there is “evidence that the nonulation The third factor in the 1995 pr _ * a ’ . ’ - I L 1, 

to ,yhi&the ,h~eaIth ch$m is-targeted is not l., ;:. . . 
at risk for the disease or health-related condition 

1 Pat, cholesterol and sodium-are associated with 

ubpopulations that are not at narticular 

ne.alth-related condition associated * j. ,. i _ ., I ‘;:: I, ,$<~Ay”y ,, ,. : I y;;; frt;$y*’ ..I:-- ‘*_., __ ““0 . o,, _,z. . ,: with the disqualifying nutrient (toddlers, 
: i. ., 

for’ex&&e).‘Because the target ‘nonulation for this healtf - - 1 claim is the general population, not 

or CHD, FDA concludes that the third factor does 

from the disqualifying levels for total fat. 

public health reasons for nroviding.for 

regard, the agency notes that 

d contribute significantly to 

reducing th&risk of CHD in the ‘United States. As reviewed in sect , .I.. ., I :I ,_, i, j / _, ,a+ I _. . ;_ I ) .._ i.,, _ :, ‘, _,_ ion IILC of this document, 
_” .’ ;?’ . >.: 

a. nur;lg{r g$& Lbngblled r&nddm‘izea‘ tria‘js y-&j-’ ;’ 
,s,--;, .::. -/ 

::<I ; G--Y .-:1- 
;, ^-. 

‘,” _. 
tound, that plant SteroVstano? esters reduce .., .- 

cholesteroi lev& in amounts that can be easily cons ’ 
.,” ,, .“T:’ ‘_ umed by the average adult when incorporated 

._: 
into spreads’or dressings for salad. The agent - _ ‘. .’ 

,“, ” .,-,,,;,,;,, ,&, -:-~‘1”‘:“‘” 
_ 

-,.- :;; 
,,, __ ” , “X’ / 

on &&t’ sterol/stanol 
‘. - .’ .., _ 

ester-containing 
. 2,“” 

spreads and dressmgs 
. :i ,,.’ ,- . 

a dietary approach that will result in si&rificar * - - - 

y has determined that permitting the health claim I “,~;~~..‘-c.~,,.’ .i:?,: ‘ ., ,” ., 1 “<,.i;. \. ‘. ’ . 
for salad will help consuniers develon 1 

itly lower ch~lc :t:roI levels and an accompanying 



(Refs. 103 anb 138): Furthermore, the 2000 Dietair’ GuidelLes Advisorv Cc,.mittee concluded 

II assist consumers in maintaining healthy 

IC) a limited exceptlon 

Likewise, all foods bearing the claim must meet th? 13 e limit for total fat Der RACC and per 

,- 
. . . r ,, 

., -,.a- . . . . . 

In accordance with $ iOl.l4(e)(3), FDA is also providing i-hat spr&ds and dressings for salad 
. :. 

that take advantage of the exception to the disquaIifyina level n&t bear a disclosure statement 
.,‘ _ * . . .1.. . 

lentif&he disqbaiifyi~g 

and r&er -the ‘&sum& “See nutrition 



. . ”  ,_ _. ,  , . . .  ~._ . .__.  .  

: . ; .  i,., :-. i ._, 
,. 
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EDA considered the plant stanol ester petitioner’s request that the except& to the 

disqualifying ’ 
. 

1G ;el for total fat per 50 ‘g appiy to a3 foods wit‘h smal1 sLL,ving sizes. The agency 

has decided n?t i:; grant this request. There is a wide variety of foods that are- consumed in small 

serving siies;‘and the agency is not aware of.,any public health rationale that would justify applyl11;: 
;*__' ,. ., .,_ ::_ i -.:: ih,, '. ,. '_ . _ __ 1. ,. , _ , 

(. ,:' ,, _" 

* the except& to al1 possible foods that are consunled in small serving sizes. Nor did the plant .;..’ ;,, ,.- 

3). ‘l’he petltioner then argued 

ng plant stanol esters replace other fat-containing; foods in 
,::,; ,.. ,, * _.,I w j 

me diet (Ref.’ 8, page 25): ‘ ‘Benecol foods. are, promoted as foods to be used in place of other 
. . . ,.: “,S”%‘ A.; ” -.- _ _,. ,_ a , :.,. 
I ,‘,-Y >-. ..’ ,. ,. ::. _r: 

similar foods. In the case of spreads, for example. Benecol snreads can he IISC?~ 2~ nn nlt~t+n~ti~~ 

to butter, mS$@rine or other spreads and, therefore. will not increase the nversll IPVPI nf fat in 

ijrovidinn the cholesteroI-lowerinn benefits’of’tilant UCCU‘“‘ Cli)LbIJ. 

-_ &“- 
., ;: 

‘. 
i ; ‘. ,,; 1, :, ‘,I . . / _I .’ :, ?Y’, 

lart;, ~~UKI not apply to au rooas wltn small servr,ng sizes, however,‘because not 
‘. 

. 

. . .a. . . . .  ̂ _ - -~ all sucn roous are used rn place ot other foods. This rationale provided by the petitioner applies 

to spreads and dressings for salad, but not necess&y to other foods with small serving sizes. 
. 

FDA also-d&% not agree thag the health benefits of plant stanol esters outweigh the negative 

consequences of consuming high fat foods to such an extent that an unlimited exception to the ‘; -,_ ; I-: ;‘ ; 
disqualif$i~ lecei lfor total~‘fat’sh;otild I% pe&i~~ed’-foi-~& foods- with’imail &r&g iizes. The ’ _.. 

i: ” -_ i. 
agency further concludes that SL lch a broad exception is not necessary because the availability 

41 be sufficient so that I, .I .._ ._-a ,, .- 
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‘Despite FDA’s’iekctance to grant broad excepticils to the disqualifying !evels; the ager,cy 
(,__‘“, ____ . ..a I. ,, ,” 

,-.:’ is wilhag to consider additional exceptions on a limited. case-by-case basic hJ~nllf.~rtl~mrc nf ;. “” ’ -li_ ,.- ,,_ j 
‘If mduc’ts’other than spreads and dressings for salad that exceed the disaualifving Ievei of total _. 

form40A~ or petition the agency for an exception 
/ .” ‘,. ,^ ~, ,. ( _I _./ “, _. _ ,-. ., , \” I ,,,... j c “. 

1 ii1 “I A/,\( 
.,A. - 

:+h i\ :F CC,.. . . . ..I 1 ’ . 

ester petitioners requested an excention for certain food 

-rent 

rient contribution requirement 

,i.~(e)(6)). ‘l‘he plant sterol ester petitioner requested 

Daiiv Reference Value 

:tary supplemelrts are not subject to this requirement. As 

th claims final rule (58 fjK 2478), FDA car 
T, .“,> _, :- _ :, ‘;. -.-in, ,,. _“,, , 

--‘-- _ .y- .‘.lL .~‘-;‘y;- _ ;: 1 
., ,; -._ .. ,. ,” 

tcluded that such a requirement 
. 

IS necessary to ensure that the value of health claims will not be trivialized or compromised by 

their use on foods of little or no nutritional value (58 FR 2478 at 252 1). $DA’ dnntd ih‘ic 
I .:. ,’ .: ‘. ,’ 

requirement in response . , to Congress’ intent that heaith claims beused to help Americans maintain 
. .', ^- -f t--1.i'h.t 248g,d &)L 

/ 3" q"-' :;1., I.- e- ,' 
hr ,o._ 

,. - 



, and fiber. Salads, for example, are ;Ich in vegeta’oles that m-wide imnortant 

*ients at significant levels, e.g., tomatoes-vitamini .-I and (11: carrots--vitamin A; spinach- 

3n.d calcium, 

urtment public health evidence 

.to grant the plant stanol ester netitioner’s 

UCLIG~IL+ UI ~UUIL ~i,irnu~ ester-conrammg rooas a0 not aepencl upon the presence ot 10 percent 

or more ‘- 

, or fiber. The agency, however, concludes that this rationale is not sufficient 

l~r.~~(c)(z)(~li)(u), the agency is providing that dressings for salad bearing . .-, .LI : ., .,“I,, 
the heal1 th claim are excepted from the minimum nutrient requirement of 5; 101.14(e)(6), but that I . 

t excention from the minimum 

: necessary to ensure that the goals of the ,^ - “. , r .” :.;.++ ..--, -r. , 
_-. 

undermined. 

other foods must comply with this requirement to be eligible to bear a health claim about plant 

sterol/stanol esters and the risk of CHD. The agency is-feq.uesting comment on this decision. : 

Manufacturers’of foods that do not meet the minimum nutrient contribution requirement may 

submit comtents‘%ith supporting information or petition the agency to request an exception from 
, .” .c , .,_ ̂: __ . . . .: r,_ ,(. ,” 

I ;-. : 



list the risk tactors for’ heart disease. The ris k factors ai’e those c “‘4 LC,.cxly listed in S$ 101.75(d)(l), I., “.S 
-;,.;;“$l ;77(d;;: , , ” .> ..,1 , 

101.81(d)(l’).‘and l’o‘i:“-‘~’ ’ 
x c .” : ,“.. ” ,- 

*m,itinn .I ,, <;r ,;. ,. U(d)(I). The claim may also provide additionat ii-Zor_-.-V_,.. . ., . ‘I .,; ;:, ‘: ” .” , .‘.‘^ “. : ._ I_ . . . * / , ‘.. .__, v.: .,, L ,:- . 
&b&t the benefits of exercise and manag&wnt OC body weight to heln lower the risk of heart .I 

_ ,_ ~-:. 

dis’ease. ’ 

84 

supported by the scientific evidence summarized in this intefiG“$&i rule. ; 

In 5 101,83(d)(3), the agency is 
- ,. _ ~~ ., 

” providing that, consistent with & 101.75(d)(3). 101.77fd~?\ 

esters can play to help reduce the risk of CHD. 
:_ 

In 8 101.83(d)(4), the agency is-providing &hat the cl&& may’ include information, OJI the 
. . ^. 

relationship between saturated fat and cholesterol in the diet and the risk of CHD. This information 

rrtance of keeping saturated fat and cholesterol intake low to the 

bviding that tLe claim may state that diets that include 



85 

., claim shL’ L ,&ate that individuals with high blood chol -steroI should consult tlricir physicians for 

.,$@&a1 idvict :,nd treatment. 
_. 

__ . . . .‘ . . ,~ a. .,. -r 
In 5 101.83(d)(7), the agency is providincz that the claini mav include infrmmtim nn the 

ed States who have heart disease. The source: 

.d are low in saturated fat and cholestmd in the 

FDA emphasizes that these model health claims are illustrative only. These model claims illustrate 

,W requrreu, ana some or me optronar, elements ot the interim final rule. Because the agency 

is authorizing a cl& a&&t “the relatibnshfi;‘~etu;~e~ p&t ster~l/st~di’esters and Cl%Ij,‘not 

approving-specific claim wording, manufacturers wil’ * ‘.mn - ‘- - . .: ,‘!‘;.-. -.., 1 bg tree to design their own claim so long 
.+, .,:TT, : ‘. ,/ ? -i +.>.>.,“, -*:.,: .,.,_ ̂ ‘. v 

,,.A >i>,.’ .‘. .,~ A <.,‘( i*Ir*_ i:,,‘.“l”f. :A;. 1 ,,. . _ ., ” : _’ 

3% 
In 8 ~01.83(ej(l)@) and (e)(l)&, the m 

:- 
.,. ‘..&. . .._ ;..?*y~ ;., ,&‘- ‘_ ‘.‘;,, _J ^(& L.,. .11_. ,. ^ ,, , : I_ ode1 claims illust-rate all of the required elements 

. . ,., : 1 ..)__. ,i x i ., _ ,,. ~ ,;; 5. .;:, #‘ , ̂  : .’ “: $t:.. :_& ‘, . ,., _/’ a;; , I$,, y(;‘.’ : 
urn states, , .,. “%%eds &ntaining at ‘least 0.65 

. .- 
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of foods tL xoiide a dailv totai df’at least 1.3 gram:, of vetretable oil .s,-. .)I esters in twn rneglc 

me risk of heart disease. A serving of [nan-.i: of the foe 

In 6 101.83(e)(2)(F) and (e)(2)@), th e mode: clims illustrate all of the required e1ement.s 
_’ - #., “‘ ‘:a .-’ _ .’ . . . ., _t . 
&the health claim for pIant stanol esters. The first claim states, “Foods containing at least 1.7 

Ital of at least 3.4 grams of vegetable oi1 stano 

reduce the risk of heart disease..‘A’ ierv’ing. ‘of ‘[name of the food sunnlies warns nf vewtahle nil 

le plant stanol ester petitioner m-oDosed three model health claims th 

Be the risk of heart disease,’ T “5 q plant 

in reducing the risk of heart disease,” and “5 g plant sfanol esters per day has been shown to 
. i ,. 

furth&i”‘loG& Z$ (bad) cholesterol and may further red&e the risk bf heart disease.’ ’ The agency 

reviewed the scientific evidence to determine whether the data supported these statements, stqting 

with four studies (Refs. 88 through 90, and 94) that reported the blood cholesterol-lowering effects 

from two or more cr?sumption levels of plant stanol esters. 

Ha- . . ..- n ,-._\ * * . . _ _. . 

1liKainen et ~1. (Ket. 825) conducted a single-bhnd, crossover study in which 22 \ _‘~ .L i . /_. l..~_... .* . . .- .#- 2’ ,,,* . : ; .^,_ -,. __._.. ,:,- I_‘^ +ga.fb;i;rJyffer~;~ doses of Plant stanol 
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0.001) by dos L,> from 1.1 to 5.4 g plant stanol esters. ‘i‘hc respective &,reases for LDL cholesterol 

were 1.7 percent (p=O.893). 5.6 pa-cent (< 0.05). 9.7 psrcent (p~O.001) and 10.4 percent (p<O.OOl). 

Although serum cotal and LDL cholesterol decreases xwe numerically greater with the 4.1 and 

5.4 g doses than with the 2.7 S dose, these differerlces were not statisticaily significant (p=O.054- 

:ring effects in subiects consuming 

ers (2 g/d of free plant stanols). 

:sters for 8 weeks. Serum total cholesterol CD 

< 0.001) and LDL cholesterol (p ~0.02) IeveIs were significantly reduced in the 5.1 and 

3.4 g/d plant stanol ester groups compared with the placebo group. The U.S. spread containing 
., 

5.1 ddL$ant stanol esters lowered serum total and LDL cholesterol by 6.4 and 10.1 percent, 
‘, *. 

resp@$ely, when compared to baseline (p <O.OOi). The 3.4 g/d plant stanol ester U.S. spread ;: y,.;: ,&q”. i,z.l-.i ,.., p:,; ,_ ,--- __,.. :r.- ;, i ., I .,_ ‘.:‘“-- (.,‘ ._) II i:‘” .;i., .~.““‘- ?,. 6 ,I.*. ** ::. .*&&+ ‘i ,, .-, - 
‘ :‘& i ;&y-l ;:‘. ‘j .y:: +.;.. I : i- ’ I.~* ~.I .:: 2, ,’ 

group showed a 4.1 percent reduction ,in both serum -‘to& and’LDL’choIestero1 levels cornbared .*. ,.“_ .::: ,,“,” . . .,““. Iv.-,* ” , ‘.. c. ‘.:’ ,:;1y, :‘i::: ,: r -. : ,.\~ .I,.:_,,l .- <,c: r;* .I ,s, _” .: ,_ j .‘f.& .;rt.* .._. 1 .--. 
to bas,clinese 105 (i < 0.001). The reduction in the’ LDL cholc&ro~“~evel was found to be 

significantly-‘greater in the 5.1 g/d plant stanol ester group compared to the 3.4 g/d plant stanol : __ _: ‘_ ‘I “. 
ester group (p c 0.001). The authors did not report a statistical analysis comparing serum total 

cholesterol concentrations between the two consumption levels of plant stanoi esters. 

Miettinen et al. (Ref. 89) instructed 153 mildly hypercholesterolemic subjects to consume 24 

g/d of canola oil margarine or the same margarine wit!-1 added plant stanol esters for a targeted - .‘” ,_ 

consumption of 5.1 g/d plant stanol esters (3 g/d free plant stanots), without other dietary changes. 
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total and LDL Aolesterol were reported after consuming 4.4 or 3.1 g/u of plant stanol esters 

, c:qmpared lC, ,;le control group (p < 0.01). Moreover, a statistically significant difference was 

observed between the 6th and 12th months in the serum total cholesterol !p= 0.047) and LDL 

cholesterol (p= 0.017) curves between the 4.4 ancr 3. I g/d plant stanoi ester groups, representing 
_:. : “-. >’ ‘.‘, __ ‘. . , .’ . -( . :* ._ 

I the”4.4 $d’platit 
i: : ,_ 

&r& ester 

.rtterent Porn the increasing 

Vanhanen et al. (Ref. 94) reported the hypocholesterolemic effects of 1.36 g/d of plant stanol 

-- _--- \- - - ---(r - ..- ---- r’-“’ “CU..V’“, L.“V AllUJ vIIIIuIJb 1vI 7 WbtiR3 ~U~IUWCU WY 6 weeks of 
_ ) :. 

navonnaise 

cholesterol were -4.1 percent (p c 0.05) and -10.3 percent (not statistically significant), respectively, 

as compared to the control. Greater reductions in both serum total and LDL cholesterol were 

observed after consumption of 3.4 g/d of plant stanol esters for an additional 6 weeks (p < 0.05). 

The changes in serum levels of total and LDL cholesterol were -9.3 percent and -15.2 percent, 
, .‘, ..:.:: ., ._. ” . . 

respectively, for subjects consuming 3.4 g/h of ’ plant stanol esters as compared to control. These 

. . 
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the cholesterol-lowering effect, even though cholesterol aL;orption efficiency decre;,.,es by almost two- 

thirds in men u :.I; non-insulin-dependent diabetes mel!itus at least :+ :/: :4. 

In only one (Ref. 90) of the four studies (Refs. 88 th~okgh ‘90. and 94) described above did 

the investigators report a statistically significant greater reduction in blood total and LDL 

chi;lesterol froc -- “’ 

tanol esters and two lower intake levels 
I? ._.. //c _, -:,.“.r’>.z+.+ ” 1,‘. I. p.., & : ..r: >-,;:~.$Zr ,$.?; :,&,z :.+:,* ,:,’ 1 ‘: 

maximum mtakes of .;, .i ..--~‘~:I ( I I ‘;’ ,: .(- ‘: .r -_ ._ / 
)Oth studres the authors expressed the oninion that higher*intakes did not 

appear to increase the cholesterol-lowering effect for firactical @r$oses. In addition, to these 

cholesterol-lowering effectiveness of total daily intake levels greater than 3.4 g/d of plant stanol 

esters (Refs. 67, 77, 78, 81 and 82 (1 study), 88 through 92, and 94) the blood cholesterol-lowering 

effect for total cholesterol ranged from 7.1 percent from 5.8 g/d of,pJant stanol esters (Refs. 81 

and 82 (1 study)) to 11.3 percent from 5.4 g/d of plant &an01 esters (Ref. SS), and for LDL 

cholesterol the range was from 7.5 percent from 5.8 g/d of plant stanol esters (Refs. 81 and 82 
L 

(1 study)) to 15 percent from 4.4 g/d of plant stanol esters (Ref. 89). These cholesterol-lowering 3 



(. . ..“z 
 ̂

90 

to 15 percent for 3.4 gl/J of plant stanol ester!, (Refs. 8’: and 94). Thus, comparison of the blood 

cholestuol-Iowering ranges between the higher and thct lov7er daily intake ievc!s of plant stanol 
L 

esters suggests that [here is no increased benefit from daily intake levels greater than 3.3 g/d. 
_ 

Furthermore, the resuIts of a resealc1; Syilthe>ls ’ ‘,nalysis (Ref. 100) suggest that intakes greater 

;ters (2 g/d of planr stanol) would not result in further re~luLllul, 

eceqJ analysis oi the dose responsiveness to Dlant stakkl esters, 

bIoOd total and.LDL cholesterol, with a clear leveling-off at an intake of about 3.74 g/d plant 

,' 

5 that the weight of the evidence does not suDDort the 

i by ithe plant stanol esters petitioner and that such claims would be 

; not inc!udin~ the petitioner’s reauested comnzkativt 

ckqms,~nt~e model health claims in 0 101.83 an< js not authorizing the plant steroVstaiib1 esters : 
1 -:( 

,__,_ ;A I_ 

and risk of CJXD health claim 
1’: 

- to include any statements claiming that 5 g per day of plant stanol 

esters is more effective than 3.4 g per day of plant stanol esters in reducing blood total or LDL 

cholesterol or in reducing the risk of heart disease. 

VI. Issuance of an Interim, FinalRule, Immediate Effective Date, and Opportunity for Public ; 

Comment 



informatlon that is necessary to: (1) Enable ccuume~ ~I 
,, to dedop and maintain healthy dietary 

practices, (2) enable consumers to be informecf prompy!y and tffxtiveiy of important new 
_ 1 

knowledge regarding nutritional and health benefits ~1‘ food, or ~3 ) ensure that scientifically sound 

nutritional arid heal;h information is xovided to corlbumers as soon as nossihle. Prclk-md 

&Mfi ‘Dublication in an interim final’ixle CR&fC 6 and ih\. 

. . / The plant stanol ester petitioner’s request states that all three of the criteria in cert;nn 
., ,.,,,” ,‘.‘.A*;,, -;- : .,), _., ,. .. .a, :.. _.. ,,. 

lth information on the Dackage label regarding the role n’ 

cholesterol c,,d ,x+&cing the risk of heart disease -information 
“. ,.: .~ *,- 

which should be made available to 
-, ‘^ .:..I: 1 2’ ,,., “>j 1 ‘. 

,. L^’ * ,., ; :;*:.,: “,. .i..;. I&; k*d!s&<~~ ,‘Z i \) : ‘.; - 
consumers’& the earl&t $&ble‘dnik: T&$“h&&~“~%rn ~111 providi: consumers with sc&ifically sound 

: (1. L ,.- ,., ._... .” I , 

information ori the nutritional and health benefits of foods coritairiind iilsint atannI pctpr &A L;rt pngh~~ 

esters into 
% .I. i;i .._. 

The plant sterol ester petitioner’s request also states that a11 three of the criteria in section 
j: ;.$.. _,.,. -.I;.:. .‘. :__’ .. . . ;; ,. ,., ;^ _, 

consumers to develop and maintain healthy dietary practices that $cI{de the incorporation of plant .&no1 
,, .t ‘. ,. i .*:.:i.. 
thei<-&&. 

‘. ^. .‘. : ;:,i -&..,x.‘e ‘.‘. ._’ ‘I’ ,-,:_ ,; i i ‘, _,,, ,. ,.,“_‘ i..,‘* I. 
_.~.. _.. . ..’ 

, -liij.., ,,.,,.: ,:, : )i ..-, 

‘. ‘cralm tqV be: ,us~!a upon publication ot the propose& rule, however,’ the claim could &bpg$ $ti .I, abeling 
: ,,r;:..:.,. : ?_. ., : 1,"~ . .:a ! . . 
\ .,: - ..; I, \"^_ : ,,i /.- :.y" 



almost a year earlier, providing a significant period of time dur;,, ~ ..,hlch consumers could 

effectivel; . . ..z the information to ml-k healthier dietz:y choices. 

The agency has considmd the requests to make any proposcd rule for plant steroI/stanol 

esters and CHD effective won GbIication a~ nd conck fhat the standard in section 403(r)(7)(A) 

ter and plant stanol ester petitioners 

impact on population risk of CHD if consumption of plant stanol esters becomes widespread. The 

agency has determined that issuance of an interim final rule is necessary to enable consumers 

FDA invites public comment on this interim iina! rule. The agency will consider modifications 

to this interim fmal rule based on comments made during the comment period. Interested persons 

may submit to the Dockets Management Branch (address above) written comments regarding this 



VII. En )I& ullmental Impact 

The agency has cietcrmined under 21 CFR 253(k) [hat this action IS of a type that does 

not individually or cumulatively have a significant effect on the human environment. Therefore, 

neither an environmental assessment nor an environmental impact statement is required. 

lnterlm tinal rule as required by 

366 directs agencies to assess all costs and benefits 

tlves and, when regulation is necessary, to select regulatory 

benefits (including potentia1 economic, environmental, public health 

2dverSeI.y -affecting in a material wav a sector 

:d a “significant regulatory action 

if it raises novel legal or policy issues. FDA has determined that this interim final rule is not 

a significant regulatory action as defined by Executive Order 12866. 

The authohzation of health claims about the relationshjp between plant sterol/stanol esters 

and coronary heart disease leads to costs and benefits &ly tb those food manufacturers who choose .” ,, I, 

to use the cl&m.‘ This interim final ruIe would not require that &y labels be redesigned or t&t 

any products be reformulated. Therkfoi-&, this tile will n& g&k-at& any’direct compiikce’costs. 

cling the relationshiD between Dlarii stkrdlktanc 



.._ ,. 
994 

consumers eith the assurance that this information is iruthful, not misleLtUi~lg x-d scientifically 

‘valid. 

:. .,‘.‘, 
A ‘, s ,‘,,. “” ‘. I -*. _: I . . . . . . P. , ‘ 

1 “^ i 
. -,* . . . 

‘.:’ -):’ FDA .nas examrnea me economic impllcatlons ot tnls interim rmal rule as reQuirea bv the 

:hls lntenm tinal rule will not generate any direct cl 

presented by this interim final rule::.@ sniAl1 entity, however, will choose to bear the cost of 
_. ‘1 .1. 

redesig&@ libels unless it believes that the claim will lead to increased sales of its product 
. ~,^ ,: , ,,,,__ ,L.,*.,““,.‘: ‘b -:& -’ L . .).. / ., sufficiggt .;;jA;gitifi ti;ose c&sts. -1 -. ,. ., ‘:- ̂  I.. :. ‘, ,..;*. .., ;,.‘-~* .i ^ 1 ,. 

-;. ,., ,,‘ 
, . . . ..i i _, %2-i ,,,>G&# I, :<:.,-; 

significant economic 

Hexibility Act, - 1’ ;‘;y .“,,J,: .~ I.. .I _‘- 

C. ‘Unficnd~d Mandates Reform Act of 1995 

..^ >.‘ , _ ..’ 

’ Title II of the Unfunded Mandates Reform Act of 1995 (Public Law 1044) requires cost- 
r 

benefit and other analyses before any rulemaking if the rule would include a “Federal ‘maidate 
.” T., .I.%^ .-* , ; “< . * ;>. .*..:.. “‘yy .” , _. ,..( ” .“r.., ‘: ,-~:,. ,,. _, 

that ma; result in the expenditure by State, locaI, and tribal ~&&nment$ iri the aggre&t&&” ,-. ..,. ” 

by the private sector, of $100,000,000 or more (adjust&d annually for inflation) in any 1 year.” 
:. , j .- 

:nm-tmal rule does not constitute a significant reaulatorv action 
-. .,.. _. . . _ _ _- .~. 



government. Accordingly, the agenty has concluded that ‘the interim final rule does not contain 

poli&$ that have federalism implications as defined in the order and consequently, a federalism 
~.,‘, .: .C^_ 

summary impact statement is not required. 

(address abclb,e) and may be seen by interested per,ons~ between 9 a.m. and 4 p.m., Monday through . 

Friday. 
..,/ .‘:..- : : 

1. Lipton, “Petition for Health Claim-Vegetabie Oil Sterol Esters and Coronary Heart Disease,” 
. 
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110. Weskx-, I., “. “Dose Responsiveness to Plant Stmo, Lsters.” Europc~trn Hmrt Jotrntc~l .Y~qplentertrs, 

: . . i:., . 2f , ,n 1 ,.,\’ ‘. _.^. -_^_ --- 

r4-A-co-r. 1 . i. n-w- _^_ “. 

reference. Nutrition. Reoortino and recrmkmine 

:fi‘K part 101 continues to read as follnwc. . --- ----- ..-. 

.1 ‘” “’ /* .’ 
), : ,:,‘- , -I 

Authdrity: 15 U.$C: 1453, 1454, 1455,‘2’1 .tikk. 321, 331, 342,343, 348, 3711 “’ 

‘part E to reid as follows: 

(a> Relationship b&v& diets that &&de &ant sterol/stanol esters and ,tbe risk of CHD. 
__ -_. :., i ..I 1. ,._ _j “‘. . . 1 

(1) Cardiovascular disease &ans diseases of the h&t and circulatory system. Coronarv heart 

disezke (Cl-ID) is one of the most common and S&OUS forms of cardio&cular disease and refers 

-‘: 
low density lipoprotein (LDL) cholesterol~&ei.$: Are associated with increaskd risk-bf d&eloping 

-‘:- ‘,^ ‘* ’ 
coronary heart disease,. High %HD rates oc&r k&g people with high total cholesterol ‘leie& ,y,. 

~ 1.’ _, .‘% 



. .I, , 

I+ 
. siT-‘, ., (2) Populations with a low incidence of CHD ter;,! 
:., ,. ., .-. 

““and ‘LDL Liic,,,sterol lev&. ThEse populations ais0 tel: 3; ,, -‘, ,>bL ,,.O. .., ,. 

‘low in total fat, especially satur&d fat and cholcstercl, 

.l to ha1.e 

but are a 

- 1 . ..iveIy low blood total cholestel .L .., _. 

dietary patterns that are not only 

Iso relatively high in pIant foods 
a. 

: 

that contain dietary l’iber and other components. 8.. ,,I 

public health goal that can as+ in reducing risk of CHD. High blodd total 
., .‘.- 0’ ’ . . 

able &k,f@toi% in the development of CHD. 

lalifying IeveI‘ for total fat per 50 grsms .(g) in dressings 

for salad and spreads and 5 lOI.* -’ ’ .-I - - - 14(e)(6) with respect to dressings for salad. _ - _ , 
1 ;“,,. _’ ‘. ‘. -. j , ,/ 

(2) Speci& re~&rem&s~~i) ~&~&-e ofthe “%zim. A health claim assc&tin~‘diets that inclm-b 
.: ,. 

,, ~~~ v  ------ ----- ^__ ----- 

: 

plant sterol/stanoi esters with reduced risk df heart disease may be mad? on the label or labeling 

of a food described in paragraph (c)(2)(%) df &ii skction. m-ovided Ehatf’ ’ ” ” -” ’ 
.- 

.-. ,- .,‘:, 
’ . ’ . ’ 

,. i ,.” 7 1 _.’ 
, 

I 
: -:, .’ 

., 
(5.. ..’ ‘_. .‘ :.- I’ ‘s..-. ,/ 2’ 

_. _ 

(A) ‘l‘he cIaim states that plant. steroUstano1 esters should be consumed as part of a diet low 

aturated fat and chnlentp.ml: 

ncltide Dlant steroYstano1 esters ’ ‘rnav” or ’ ‘TY 
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., ‘. (D) 111 3Qecifying the substance. the claim uses ti,~ term “plant sterol esters“ or “plan& stanol 

esters,” excqi i ,:xlt if the sole source of the plant s,sr-01s ;)I’ stmois is Lcget:&lc oil. the c!linl 
.._ 
‘may use the term * -. “vegetable oil sterol esters” or “\~gcrahlc oil stanol ester-“: 

/c, TL, -,-:..- ^I--* _..L -LI.-‘1-..r- 1 p , , . I I--- . . 

been associated with reduced risk of are: 

(ii) Nature ofthe substance--(A) Plant stem& esters. (1) Plant sterol esters prepared by 

es,tehfying a mixture of plant sterols from edible oils with food-grade fatty acids. The plant sterol 

mixture shall contain at least 80 percent beta-sitosterol, campesterol, and stigmasterol (combined 
“. 

weight). 

(2) FDA will measure plant sierol esters by the nlethod entitled “Determination of ‘the sterol 

Pnntpnt in hA~3rn~&nao Uol.pm&;,,, n‘\,,,.,.:,,- 17-4 n*-.-2- _. 3 nA 1 F . ’ :id Ester Concentrates _ 
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for Fow ,,2,-ty and Applied Nu.trition’s Library, XC; Z St. SW.. rm. 332:. Wsshin$on. DC. or 

at the (Jffice of the Federal Register, 800 North Capita, St. &IV.. suite 700. \VLAington, DC. 

(B) Plot sfcrrrol c:.sfers. (I) Plant stanoI esters prc,wed by cslcr-ifyin g a misture of plant stanois 

derived from edible oils or byproducts of the kraft paper pulping process with food-grade fatty 

acids. The nlant stanol mixture shall contain at leant 80 nwnmt <itmtmni 2nd rzamn&tannl 

&‘7 .+.:7\: ,,.. ::...;. ,. -.._ -., ‘:.:.;., _/.,. *, ;/ . . 

Tub Spread”; 
,< i i( .” ,. s.;- 

‘i 
: ,_.. .j .: 

Determinatiott‘ofStanols and Sterols in Benebol Dressing”; “Deter&nation of 

Stanols and Sterols in Benecol Snack Bars”; or “Determination of Stanols and Sterols in Benecol 

Softgeis.” These methods are incorporated by reference in accordance with 5 U.S.C. 552(a) and 

1 CFR part 5 1. Copies may be obtained fr ram the Center for Food Safety and Applied Nutrition, 

Office of Nutritional Products, Labeling, and Dietary Supplements, Diyisionof Nutrition Science 
: <, .- A. I. . 

and Policy, 200 c &..-&V,. 
,,-. _ .j ‘” _, .,$. :: 1.. ,,_ “__ < .-F ‘ __ ,,., :.: . . -a.> a:.,. :. _ (‘,,_- 1’. .- 

, rm ‘2831, Washington, DC; 20204, or-may be examined at the Center _ . .) ,. j * - ‘. _’ ._ll, r:,-, .,:.I . .l. .::, .‘“‘i” - ,- ,. > .’ (‘3 ,.,.’ : p ^,/,, : ; 
1 Nu‘t&iofi’s Library, 260, d“st.y SW., rk 33it:~Washington,,DC, for Food Safety and.&&& 

and at the Office of the Federal Register, 800 North Capitol St. NW., suite 700, Washington, 

DC. 

(iii) Nature of the food eligible to bear the claim. (A) The food product shall contain: 

(I) At least 0.65 g of plant sterol esters that comply with paragraph (c)(2)(ii)(A)(IJ of this 

section per reference amount customarily consumed of the food products eligible to bear the heahh 

claim, specifically spreads and dressings for salad, or 

(2) At least, 1.7 g of plant stanol esters that comply with. para 
). &i... ,. 3 i.- -s.- .,.-*. ,, .,,A.. 

section ,per reference amount customa ,./., i.2 _- Ai_ I 
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(C) ThL r 3d must meet the limit for total fa’ in 8 I ‘iI. 14(a)(4). ; :Ept that spreads and 

dressings for salad are not required to meet the &mil fcl; total i‘at per 50 g if the label of the 

food bears n disclosure statement that complies :i’ith 3 101.13(.h); and 

(D) The food must meet the minimum nutrient contribution requirement in 6 101.14(e)(G) 

total and LL)L cholesterol; excess body weight; high blooc cl pressure; cigarette smoking; diabetes; 

and physical inactivity. The claim may also provide additi onal information about the benefits of 

exercise and management of body weight to help lower the risk of heart disease. 

(2) The claim may state that the relationship between intake of diets that include plant sterol/ 

stanol esters and reduced risk of heart disease is through the intermediate link of “blood 
,_ ---1.;, .,r.& * .;w. : .,a.:.,-: .i ‘1 I .I “, , _. .,(:“‘:““‘ .:?i.fc : :: ;,:: : :“: / ;,. ;_ _ ,, ,. ,, .-;~..?‘~~-,~.~~,~,~ .-, \ ,I ,r ,,., ,,,),, .;& .~~~~~t:~,,~~~~.;‘e’ & ( _I , ( $2 r‘ :J I 

cholesterol” or “blodd to& and LDL chtilesterol.” ,- ,._ i. ,; ,,y;i ‘.‘_ -. />‘. ‘. _i ,, _ \-. .I -/ -“,,;,? .~._‘. _. : : _ I- -I .,: ; ,-- -.- “.. ..; :,’ 8;; ;. . 
(3) The claim* f;iii &fude ir$orn&ion from paragraphs (a) and (b) of thij’se&on, which 

summarize the relationship between diets that inc!Jde plant sterol/stanol esters and the risk of CHD 

and the significance of the relationship. 

(4) The claim may include information from the following paragraph on the relationship 

between saturated fat and cholesterol in the diet and the risk of CHD: The scientific evidence 

establishes that diets high in saturated fat and cholesterol are associated with increased levels of 

blood total and LDL cholesterol and, Thus, with increased risk of CHD. Intakes of saturated fat 
_. 

:.,“: :^ _( ._:_ i, ,’ ..,-_. 

; p, (; . , 
i .l. .,. _.. *. I~ ,.. 



low in saturaiiG Iat and cholestero1 are associated wit11 IOWL~ blood total anil LDL cholesterol 

levels. 

(5) 23~ claim may state that diets that include plant sterol or stanol esters and are low in 

saturated fat and cholesterol are consistent with ‘*Nutrition and Your Health: Dietary Guidelines ,, ., 

_: 
cholesterol should consult their physicians for ‘&&$ic~l advice and treatment. . 

. (7) The claim mai inclu‘de inform&ion,on fhe number of people in the United ,States who 
^ _ ,. .’ 

have he& disease. The sources of this inforn$on]shal! be identified, ahd it shall &u-rent _,. i :, ,I- . . ., :., .( ;, : r” _I /. & .,b -. 

lotie health claims may be used in food Iabelinp 

to describe the relationship between diets that include plant sterol or stanol esters and reduced 

risk of heart disease: . 

(1) Fur plant sferol esiers:‘$) Foods containing at least 0.65 g rjer serving of plant steroI 
.” 

esters, eaten twice a day with meals for a daily total‘intake of at least 1.3 g, as part of a diet 
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(2) For pl~flf Gaf201 esters: ($) Foods co;ltaini~~g dt least 1.7 g per serving of pIalIt stanol 

esters- eaten [lb ice a day with meals for ti total dajl)* intake of at least 5.4 g, as part of a diet 
., 

low in satur~ltd fat and chokmmf, may reduce the risk of heart disease. A serving of fnarne~ 

t of the food1 supplies grams of plant stanol esters. 
_.( i I_ 



’ (I+ --’ , -&..:s low in xturated fat and cholesterol th:t include two servings of f~ 
.d”ci.%. i 
:~$~c@ily lotal of at icas - 

c- -- . -ads that provide 

t 3.4 g of Vegetable Oil Stan01 ester-5 in two meals may rcc:uce :he risk 

.of heart disease. A serving of [name of the food] supplies grams of vegetable oil stanol 

?AELE~ I AND 2 ~0 PR 
:;, 
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TABLE l.- 
,I c (,“,‘;.” 

PLANT STEROL ESTERS AND CHD (STUDIES ARE LISTED IN REVERSE CC~~C~~\~&&CAL,ORDER) 

Design 

3andomized 
double-blind 
crossover 
balanced Latin square 
design. 

Randomized, double- 
blind, three-arm par- 
allel controlled study. 

Population 

4=15 (M) 
hypercholesterolemic 
subjects; plasma total 
cholesterol concentra- 
tiOnS ranging from 232 
mg/dL to 387 mg/dL. 

Means at day 0. 
(I) Control group 
25M9 mg/dL 

I 

(2) Phytosterol ester 
group: 247k7 mg/dL 
(3) Phytostanol ester 
group 247*7 mg/dL 

N= 224 randomized; N= 
193 completed study 
(M/F) (control N= 83; 
low PSE N= 75; high 
PSE N= 35) mild to 
moderate 
hypercholesterolemics 
(mean baseline total 
cholesterol: 240 mg/ 
dL). 

Vegetable oil sterols: 
dose/form 

I) COflffO~ 
2) Phytosterol esters 

2.94 g/d (1.84 g/d 
free): 

3) Phytostanoi esters 
3.13 s/d (1.64 g/d free) 
-in 23 g of margarine 
(margarine consumed 
3Wd with meals). 

SefOl source: vegetable 
oil. 

;I) Controt 
,2) LOW phytosterol 

esters (PSE) group: 
7.76g/d(l.l @d free); 

[3) High phytosterot 
esters group: 3.52 g/d 
(2.2 g/d free) 

-in 14 g/d of reduced 
fat (40%) spread (two 
7 g servings/d, with 
food). 

Sterol source: soybean 
oil. 

Duration 

?un-in period tiR; 21 
days duration on each ’ 
phase: margarine con-:, 
trot, phytosterol estei’ : 
margarine, and ;ir 
phytostanol ester mar: 
garine; each phase fol;: 
lowed by a 5-week. :: 
washout. : 

. :i. : 

4 week run-in period, fol- 
lowed by 5 week treat- 
ment period. 

Dietary intakes 

Subjects consumed a 
fixed intake North 

,American solid foods 
‘diet in a controlled 

j *feeding situation: diets 
;; formulated to meet Ca- 
inadian recommended 
lnutrient intakes, 

Dietary intake during 
study; 

Total fat (% TE): 35 
Saturated fat (% TE): IO 
Cholesterol (mg/d): NR 

Run-in diet: NCEP Step I 
diet and a conventional 
50% fat sprt: id; back- 
ground diet: NCEP 
Step I diet and a re- 
duced-fat (40%) 
spread. 

Dietary intake, end of 
study: 

Total Fat (% ?I$ 
control: 29.5tO.8 
low PSE: 29.1+_0.9 
high PSE: 28.8k1.4 

Saturated Fat (%TE) 
control: 9.1f0.4 
low PSE: 8.6kO.4 
high PSE: 9.1_+0.6 

Cholesterol (mg/d) 
control: 182213 

i ‘low PSE: 203?16 
i high PSE: 194519 

Results 

‘ercent change in cho- 
lesterol compared to 
control at d; y’ 21: 

Total-C 
phytosterol esters: 
-9.1t 
phytostanol esters: 
-5.5 

LDL-C 
phytosterol esters: 
-13.2’ 
phytostanol esters: 
-6.4’ 

UDL-C 
phylosterol esters: 0 
phytostanol esters: 0 

tP < 0.005, l P co.02, 
relative to control 

Percent ch nge in cho- 
lesterol at end of 5 
weeks, relative to con- 
trol: 

Total-C 
low PSE group: -5.2%’ 
high PSE group: 
-6.6%’ 

LDL-C 
low PSE group: -7.6%’ 
high PSE group; 
-8 1%’ 

HDi-C 
low PSE group: 0.8% 
high PSE group: 1.6% 

l P co.oo1 



1 .--PLANT STEROL ESTERS AND CHD .(STUDIES ARE LISTED IN 

Design 

kndomized placebo- 
controlled dietary 
study. 

andomized, double- 
blind, crossover, bal- 
anced incomplete Latir 
square design; 5 
sprends, 4 periods. 

Population 
I 

Vegetable oil sterols: 
dose/form 

healthy population; in- 

‘I= 100 (42 MI 58 F), but 
80 subjects for each 
spread (incomplete 
Latin square design= 5 
spreads in four peri- 
ods); normochol- 
esterolemic and mildly 
cholesterolemic volun- 
teers; inclusion criteria 
at baseline for total 
serum cholesterol con- 
centration: < 290 mg/ 
dL (baseline total cho- 
lesterol: mean 197&38 
mg/dL, range: 105 to 
287 mg/dL). 

Supervision. 
sferol source: vegetable 

oil. .~ 

(1) Butter (control); 
(2) Spread (confror); 
(3) Plant sterol ester 1.3; 

s/d (0.83 g/d free); 
(4) Plant sterol ester 2.5r 

s/d (1.61 g/d free); 
(5) Plant sterol ester 5. II 

s/d (3.24 g/d free) 
--in 25 g/d of spread (or 

butter); spreads re- 
placed an equivalent 
amount of the 
spread(s) habitually 
used; % at lunch, l/2 
at dinner. 

Sferol source: soybean 
’ ,and other vegetable 

oil. 

\ ‘.,I Duration ’ ‘: ’ .:, Dietary intakes 
- 

In-in duration: 21 days 
M and 28 days F; 1 

Controlled diet based on 

treatment duration? 21 
a typical British diet; 

days M and 28 days.F. 
,a breakfast and dinner 

: -i I; consumed under su- 
,i, _ : i pervision, but lunch 

0 run-in period; each Consumption of habitual 
subject consumed 4 
spreads for a period of 

Dutch diet (self-se- 

3.5 weeks each; wash-,: 
lected diets on study). 

Dietary intake, e?d of 
out period NR. ‘,: study. 

5, ii;-+ !ITota/ fat (% TE) 
.^, ; 
:, .; control: 33.R5.6 

1.33 rr/d PSE: 

I 32.9G.2 
2.58 g/d PSE: 
33.3k5.5 
5.18 s/d PSE: 

( 33.9k5.5 
i ‘, Safurafed fat & TE) 

control: 13.5k2.9 
‘.i,,” ;, 1.33 gld PSE: 

< ;;: ,i 13.452.5 
; $; i 2.58 dd PSE: 
,’ : 13.31t2.7 

I 
;k,,; ,,,5.18g/d PSE: 
, 9 4 13.5t2.86 

‘ercent change in cho- 
lesterol at end of 21128 
days, relative to con- 
trol: 

‘bfal-C: -18%* 
.DL-C -23%* 
iDL-C -7% 
(P<0.0001) 

>er:ent change in cho- 
lesterol at end of 3.5 
weeks, relative to con- 
trol spread: 

Tofal-C 
1.33 gld PSE: -4.9’ 
2.58 g/d PSE: -5.9’ 5.18 s/d PSE: -6.8 N 

1DL-C 
1.33 e/d PSE: -6.7’ 
2.58 gld PSE: -8.5’ 
5.18 g/d PSE: -9.9’ 

HDL-C 
1.33 s/d PSE: -0.3 
2.58 S/d PSE: -1.3 
5.18 g/d PSE: -1.5 

l (P c 0.0001) 



_ pi,’ c;li:, ; ‘Jones PJH, 1999 Randomized double-blind 
__: 

,’ :;: (Ref. 74) placebo-controlled, 
.>.& .i :,. *, d:~’ a parallel study. 

N=32 (M) 
hypercholesterolerkic 

(1) Confrol; 

subjects (N= 16 control 
(2) Sitostanol-containing 

group, N=l6 phytos- 
phytosterols (20% 
,sitostanol, remaining 

terol group); inclusion-’ ‘. .’ .plant sterols are sito- 
criteria serum total : 
cholesterol concentra-’ ; 

sterol, campesteroi) 

tions between 25;; to 
?.7g/d 

-in 30 s/d of margarine 
367 mg/dL; mean cho-’ $ consumed during 3 
lesterol at baseline, ‘. meals; sterotsktanols 
mg/dL: control group 4 i; not esterified. 
263.5 + 50, phytosterol , I:Sferof source: tall oil (de. 
group 260.5 f 44.5. ,: $ rived from pine wood). 

I riod. 

Day 30 cholesterol (mg/ 
dl): 

Total-C 
control: 236+56 
sitostanol-containing 
phytosterok 210+36 

LDL-C 
control: 176+52 
sitostanol-containing 
phytosterols: 130+_36 

phytosterols: 26+7 - 
Day 0 to day 30, PerGeM 

control: -6.9%, P c : 
0.01 
sitostanol-containing ‘. 
phytosterols: -24.4%, P :’ 
<O.OOl 
sitostanol-containing 
phytosterc ‘3: 
-15.5%. P ~0.05, rel- 
ative to control 

w I. 



TABLE 1 .-PLANT STEROL ESTERS AND CHD (STUDIES ARE LISTED IN REVERSE CNRDN(-JLDG~CAL OPDER)-&ntinued 

.i‘ : 

Sierksma A, 1999 Balanced, double-blind 
crossover design. 

Population 
I 

Vegetable oil sterols: 
doselform 

~76, 75, or 74 healthy 
volunteers (39 M/37 

(1) Control (Flora 

F); baseline plasma 
spread); 

total cholesterol levels I 
(2) Soybean sterols: 0.8 

4 310 mgldL. 
s/d (non-esterified); 

(3) Sheanut oil sterols 
,,,. (esterified): 3.3 s/d 
‘. -in 25 g Id spread. 
c St5 $ : Sterol sourcei soybean 
I i &; ‘:! oil or shear-rut oil. 

s$;+,; _ 
! : 

., _j 
\%I;;!’ 

Duration I Dietary intakes 

lun-in Period: 1 week on Volunteers maintained 
Control Spread, experf- 
mental periad: 3 weeks 

normal dietary patterns 

each experimental pe- 
during study; spreads 

riod, 9 weeks total; no 
i were meant to replace 

“‘, all or part of the volun- 
wash-out period (bal- [ $.teers’ habitual spread 
arICed design with pe; $I,!: or butter used for 
riod by group random!. i $&preading, but not to 
Allison). p 8, , & be’used for baking or 

,‘# ,$X,, i. frying. 
“:: ~Dietary intake during 

IJ ‘$-., :a sfudy; 
? $ ‘:: Tota/ fat (% TE) 
-I : g* ,. 1 .~ontrol: 38.3 
i .‘^ :. : soybean sterols: 38.3 >( (e.~ . . d sheanut sterols: 38.4 

‘,_ _,l.r,.e ‘” $fj! f&turaled fat (0~ TE) 

‘, ;; ‘:~~.,‘:,~Y~ $ Control: 13.9 ,$I,; ,q : ..% 
s i i$$@~ $. soybean sterois: 13.8 

/ _: .i: ‘: ;. i <;;;$.;,I-& e sheanut sterols: 14.3 
. . : !, f$$&$1Cholestero/ (m&j) 
( 
, >i, 

: .,l ,.a’~ ‘z. ,b Controf,: 246 ~ ,~ * “$-,,F :‘$:- 
, si~ :;$‘@$$ f soybean sterols: 247 ,“: ,:;b,s 2 :> 

“‘,.e;:;: t, r sheanut sterols: 242 
‘9, .- ‘P c 0.05 
i ,,, 

‘I_ .: 
_, : 8 

Zhoiesterol (IT $dL): 
mean (95% :I) 

To!al-C 
control: 196 (193, 199) 
soybean sterols: 188 
(186, 191)’ 
sheanut sterols: 194 
(191,197) 

LDL-C 
control: 122 (119, 124) 
soybean sterois: 114 
(112, 116)’ 
sheanut sterols: 119 
(116, 122) 

HDL-C 
control: 50 (49, 50) 
soybean sterois: 50 
(49, 51) 
shzanut sterois: 50 
(4% 51) 

P < 0.05, relative to con- 
trol 

Percent change, relative 
to controt 

Total-C 
soybean sterois: 
-3.8%’ 

LDL-C 
soybean sterols: -6%’ 

HDL-C: 0 
* P < 0.05 



Weststrate JA, 1998 
(Ref. 67) 

Pelletier X, 1995 
(Ref. 65) 

,. ; ‘_ 

indc .iized double-blind 
cro: over, balanced in- 
con; blete Latin square 
desl !n with 5 mar- 
gari ‘es, 4 periods of 
3.5 veeks. 

+andomized, crossover 
design (blinding NR). 

N: = 95 (100 enrolled= 50 
M/ 50 F) but approxi- 

(1) Confro/(Flora 

mately 80 subjects for 
each margarine (in- 

(2~~?&anoI esters 

complete Latin square 
4.6 s/d (2.7 g/d free); 

design= 5 margarines 
(3) Soybean sterol esters 

‘. 
in four periods); 

4.8 4/d (3 g/d free); 
.(4) Ricebran sterols 7.6 

normocholesterolemic 
and mildly hyperchol- 
esterolemic subjects; ,’ ,’ 

(5 

inclusion criteria at - 
baseline for total pIas++ : 
ma cholesterol con- 
centration: < 310 rns/;, ‘i 
dL (baseline total cho-? ‘- 
lesterol: mean 207t41is, a5 
mg/dL). 

;,/_ 

1: 
I- 

I ti= 12 normolipidic 
healthy men (baseline 
cholesterol levels NR). 

i) Sheanut sterols 2.9 g, 
0: 

-in 30 g/d of margarine, 
consumption at lunch 
and dinner; margarine 
replaced margarines 
habitually used. 

:terol source: soybean, 
ricebran and sheanut. 

(1) Group 7: 4 weeks 
normal diet followed b 
4 weeks plant sterol- 
enriched diet 0.740 g/ 

(2)‘Group 2. 4 weeks 
plant sterol-enriched 
diet 0.740 g/d followel 
by 4 weeks normal dil 

-in 50 g/d of butter; 
plant sterols are not 
esterified. 

Sterol sources soybean 
oil. 

RI Jn-in of 5 days; each ‘,, 
subject consumed 4. .t 
margarines for a pe-“~ ‘. 
riod of 3.5 weeks “:. ’ 
each; wash-out period f 
between experimental+ 
periods- NR. ,;- 

;’ 
I 

‘Y 

I 

I week run-in period and 
two experimental peri- 
ods of 4 weeks each; 
wash-out period NR. 

d 
et 

olunteers were re- 
quested to retain their 
normal dietary pattern. 

ietaty intake during 
study 

otal fat (% TE) 
control: 42 
plant stanol esters: 
1’41.8 
soybean sterol esters: 

.41.5 
: ricebran’sterols: 41.4 
aheanut sterois: 41.3 
‘ahrated fat (%TE} 
control: 15.9 
plant star-rot esters: 
,16.2. 
soybean sterol esters: 

: 15.3 
,‘ricetiran sterols: 15.4 
sheanut sterols: 16.9 
?tolesferol (mg/d) 
control: 233; 
plant Stan01 esters: 
243 
soybean sterol esters: 
226 
ricebran sterols: 233 
sheanut sterols: 227 

Subjects on a controlled 
diet, but diet is a “nor- 
mal” diet. 

Dietary intake, during 
study: 

Total fat (% TE) 
Period 1: 36.4k7.1 
Period 2: 36.4f6.9 

saturated fat (% TE) 
Control: NR 
Plant Sterol: NR 

Cholesterol (mg/d) 
Control: ‘436 

Plant Sterof: 410 

ercent change in cho- 
lesterol at the end of 
3.5 weeks, relative to 
control spread: 

Hal-C 
plant stanol esters: 
-7.3 
soybean ste - 31 esters: 
-8.3 
ricebran sterols: -1 .l 
sheanut sterols: -0.7 

DL-C 
plant stanol esters: 
-13’ 
sovbean sterol esters: 
-1g 
ricebran sterols: -1.5 
sheanut sterols: -0.9 

i0L-C 
plani stanol esters: 0.1 
soybean sterol esters: 
0.6 
ricebran sterols: -1.3 
sheanut sterols: -1.2 

‘P <0.05 

Percent change in cho- 
lesterol at end of 4 
weeks, plant sterol-en- 
riched butter relative to 
control butter: 

Total-C 
- 10%’ 

LDL-C 
-15%^ 

HDL-C 
+4.6% 

P < 0.001 

WI 



TABLE 1 .-PLANT STEROL ESTERS AND CHD (STUDIES ARE LISTED IN REVERSE CHRONOLO~,C~L,oRDER)-Continued 

‘7 
Design Population 

I 
Vegetable oil sterols: 

dose/form ’ 
Study 

I 
Results 

Miettine 
(Ref. ii 

TA, 1994 
) (same as 

or partial study bf 
Vanhanen HT, 

‘.J , 1992 (Ref. 64)) 
,‘, 
1) 
’ __‘,( 
:; _. ,.I’ ‘-’ .’ ,,: 
‘i. ‘1 ,‘! ,I’. / y .I,_ (j ;:, ?: .‘, :;’ / *, 

Ra 
t 
ndomized, placebo- 
controlled, double-blir 
study. 

N= 
Id 

! 

= 31 (22 MI 9 F) (con- 
trol N= 8; sitosterol N= 

(1) Rapeseed oil (RSO) 

9; sitostanol N= 7; 
con&ok 

sitostanol ester N= 7); 
(2) Sitosterol 0.7 g/d; 

hypercholesterolemic : 
(3) Sito&nol 0.7 s/d; 

subjects; inclusion cri-‘. 
(4) Sitostanol ester 1.36 

teria at baseline for 
s/d (0.8 g/d free) 

: 
total serum cholesterol:. 

-in s50 sld of RSO may- 
onnaise. 

concentration: ~232 
mg/dL. 

: _ Sferol sou&, NR. :: 

,, ; 
.’ 

:, 

Duration : Dietary intakes 

week run-in period; 9 
week study period. .: 

NO diet changes other 

;’ 3 
than replacing 50 g of 
typical daily fat by 50 g 

hange in cholesterol 
from end of run-in pe- 
riod to end of 9 week 
study period (mg/dL): 

btai-C 
RSO control: +4.6+4.3 
sitosterol: -7.7k5.0 
sitostanol: -0.M5.4 
sitostanol ester: -7.4 
3.1t 

Lx-c 
RSO control: +3.1+4.3 
sitosterol: -7.024.3 
sitostanol: -1.2k4.6 
sitostanol ester: 
-7.7k3.1 l t 

iDL-C 
RSO controi: +2.3+1.2 
sitosterol: +O.OOil.5 
sitostanol: +2.3*1.5 
sitostanol ester: 
+2.3?0.8 

P c 0.05, relative to run- 

i... Vanha!ic,? !-!T, 1992 
(Ref. 64) (same as 
or partial study of 
Miettinen TA, 1994 
(Ref. 63)) 

P 
- 
lacebo-controlled, ral: 
domized, double-biin 
studv. 

I- N 
Id 

I=24 (M and F) (control 
group n= 8; sitosterol 
group n= 9; sitostanol 
group n=7) 
hypercholesterolemic 
individuals (serum 
cholesterol> 232 mg/ 
dl). 

‘1) Rapeseed oil control; 
i2) Sitosterol: 0.625 or 

.0.722 g/e 
:3) Sitostanol: 0.630 s/d 
-in 50 aid of rapeseed 

oil mayonnaise; plant 
sterol&tanols are not 
esteiified. 

Sterol source: rapeseed 
oil. 

,-i: : 

week run-in on 
rapeseed oil Spread; 9 

On average 50 g of visi- 

week period. 
ble dietary fat as but- 
ter, margarine, milk fat 
sausages and cheese? 
was replaced by the 
fat spread. 

Dietary infake during 
studK 
Total fat: NR 
Saturated fat: NR 
Cholesterol: NR 

in 
.P < 0.05, relative to 09 

RSO control 

‘ercent change in cho- 
lesterol at end of 9 
week study period, rel- 
ative lo controt. 

Total-C 
sitosterol group: -7.6 
VW 
sitostanol group: -9.7 
O’JS) 

Cholesterol at end of 
study (mg/dL): 

TotaM 
control: 239UO 
sitosterol group: 
221+13 
sitostanol group: 
216?9 

all NS 
LDL-C NR 
HDL-C: h’R 



Table 1. Plant Sterol Esters and CHD-continued 

d deciliter 

CI confidence interval 

r remale 

mg miligram 

N number :,.i .” .-.>. 

NCEP National Ch6kterol Educ 

--c---l -L*-- PSE phytuslcrul csLtx 
/ .,: _, .C 

TE total energy ‘-’ ’ ’ 

,.“. ., .: ! ..:,, :‘;, ., : ::, ‘. _ I ; 

Total-C serum total cholec+rJ LJJ 

RSO rapseed oil (or canola oil) 

X times 



ESTERS AND CHD (STUDIES STANOL TABLE 2.- TABLE Z.--PLANT -PL 
- 

.ANT ARE LISTED IN REVERSE~CtiRdtidiOGlCAL ORDER) 

Study Design Design 
- 

Hallikainen MA, Randomized sinale-blind. lized sinale-blil nd. N= ,,,_ 
zOO$ (Ref. 88) cm ssover design (dose- 

d 
,’ .: ,, 

lependent study). 

Population Plant stanol: dose/form 

: 22 (M/F) 
hypercholesterolemic 
subjects; inclusion cri- 
teria: serum total cho- 
lesterol concentrations 
ranging from 193.5 to F. ’ 
329 mg/dL (mean at ,: 
baseline: 266 50 mg/ “’ 
dl). :<,q-,*~. !, .+S” .,)*’ 

,-_ :.:;< 72. “$: 
_+d ; 

..,iQ:, 

‘) 

‘_ 

,. 

:. 

_ .: .’ 
:;+ s.,;j ii, * ,” *‘. ..I’ ” 

_. b,) : 
,‘:! F I- 
‘y‘, 

,.i’ 
&: ;:; Jones PJ, 2000 Randomized double-b& 

,i:; -.+ !? crossover balanced 
./ :‘, 

(Ref. 58) 
;’ Latin square design. 

N=15 (M) 
hyperchoiesteroiemic 
subjects; plasma total 
cholesterol concentra- 
tions ranging from 232 
mg/dL to 387 

Means at day 0. 
mg/dL. 

(1) Control group 25W9 
m@dL 

(2) Phytosterol ester 
group: 247f7 mg/dL 

(3) Phytostanol ester 
group 247&7 mgIdL 

7 _ 
t ct 

Tc 

LL 

H 

P 

T’ 

1 

l 

I 

s 

3- 

I 

0 

Results 

rolesferol a ‘fer test 
(mg/dL): 
btal-C 

;;,; 
I . . 

control: 252?40 ,. .c:, 
1.4 s/d: 245+-45 

.:, 

2.7 g/d: 235+36’ _ ‘: 
4.1 g/d: 225+36* 

.’ 
_I 

5.4 g/d: 223+30 
7L-C 

‘6: 

control: 17l+-37 
:- 
:,. 

1.4 s/d: 168+39 I,!,; 

2.7 g/d: 161+34t 
” I,: 

4.1 s/d: 153529’ 
; ‘. ,‘<. 

5.4 gfd: 151227 
DL-C ‘, / : : 

control: 58fl2 
‘j .-. 

1.4 gld: 58212 2 
2.7 g/d: 59412 
4.1 s/d: 58414 
5.4 s/d: 58k12 

‘ercent change, refafive 
to control: 

otal-c 
1.4 g/d: -2.8% 
2.7 g/d: -6.Z’~ * 
4.1 g/d: -10.3% l 

5.4 g/d: -11.3% l 

-m-c 

1.4 g/d: -1.7% 
2.7 g/d: -5.6%t 
4.1 g/d: -9.7% * 
5.4 g/d: -10.4% l 

‘tP < 0.001 or tP c 0.05 
vs control 

Duration Dietary intakes 

=ercent change in cho- 
lesterol from control at 
day 21: 

Total-C 
phytosterol esters: 
-9.l* 
phytostanol esters: -5.5 

IDL-C 
phytosterol esters: 
-13.2 * 
phytostanol esters: 
-6.4 

HDL-C 
phytosteroCesters: 0 
phytostanol esters: 0 

9 .~0.005, l P 4.02, rel- 
ative to control 

1 Controf; 
) Plant stanal esters 
4 s/d, (0.8 g/d free); 
) Plant stanol esters 
7 g/d (1.6 g/d free); 
)‘Plant stanol esters 
7,. g/d (2.4 g/d free); 
) :Plant stanoi esters 
4 s/d (3.2 g/d free) 
.in 25 g of margarine 
taken in two to three 
portions with meals. 
tand source:‘NR. 
II subjects followed the 
same dosage order; 
the order of dose peri- 
ods was randomly de- ; 
termined as follows: : 
2.4, 3.2, 1.6, 0 (control) 
and 0.8 g/d. 

followed a 
standardized back- 
ground diet throughout 
the study. 
Ltaty intake during 
study. 
Sal fat (% Tf) 
control: 34.3k4.9 
1.4 g/d: 33.4k4.9 
2.7 gfck 33.424.3 
,4<1 @d: 32.M5.4 
5.4 Q/d: 33.5t4.2 
sturated fat (% TE) 
control: 10.3k2.2 
1.4 g/d: 9.4kl.9 
2.7 s/d: 9.3k1.3 
4.1 gld: 8.5k2.7 
:5.4 g/d: 9.3ti.2 
‘holesferol (mg/d) 
control: 158 
1,4 gtd: 179 
2.7 g/d: 155 
.4.1, g/d: 153 
5.4 g/d: 177 

?un-in period NR; 21 
days duration on each 
phase: margarine con- 
trol, phytosterol ester 
margarine, and 
phytostanol ester mar- 
garine; each phase fol- 
lowed by a 5-week 
washout. 

Subjects consumed a 
fixed intake North 
American solid foods 
diet in a controlled 
feeding situation; diet! 
formulated to meet Ci 
nadian recommended 
nutrient intakes. 

Dietary intake during 
study. 

Total fat (% iE): 35 
Saturated fat (% TE): 11 
Cholesterol (mg/d): NR 

(1) Control; 
(2) Phytosterol esters 

2.94 s/d (1.84 gld 
free); 

(3) Phytostanol esters 
3.31 g&(1.84 g/d frti 

-in 23 g of margarine 
(margarine consumed 
3X/d with meals). 

SfanOl sources vegetabll 
oil. 
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TABLE Z-PLANT STANOL ESTERS AND CHD (STUDIES ARE LISTED IN REVERSE CHRONO~O~,CAL’ORDEA)-contin”ed 

Study i jesign l- 
Results 

‘_ Plat J. 2000 (Ref. 
: 92) “1 

qandomi; ad double- 
blind, placebo-con- 
trolled study. t 

n 

Population Plant stanol: dose/form 

I= 112 (41 MI71 F) non- 
hypercholesterolemic 

(1) Confrof, 

subjects (control N= 
(2) Pine wood stanol 

42, pine wood stanol : I 
esters 6.8 s/d (4 s/d 

esters N= 34, vegeta- 
free); 

ble oil stanol esters N<:; 
(3) Vegetable oil stanol 

36); inclusion 
esters 8.8 g/d (3.8 g/d 
free) 

Duration Dietary intakes 

km-in duration: 4 weeks: 
experimental period: 8 

Shbjects consumed usual 
habitual diet with the 

riteria: serum total cho- ;i. -in 20 g of rapeseed oil 
lesterol concentrations ” 
< 252 mg/dL. i,‘, 

margarine plus 10 g of 
$ I: rapeseed oil shortening 
1 per day. 
+, ’ Stanoi source: pine wood 

.& 
based or vegetable oil. 

..‘; 
., 

.: : : 

2hange in cholesterol 
from run-in to experi- 
mental period (mg/dL): 

rotal-C 
control: -1 .t.,f15.5 
wood stanol esters: 
-16.3k15.1’ 
vegetable stanol 
esters: -16.6+10.8’ 

LDL-c 
control: -2.3f14.3 
wood stanol esters: 
-15.9+13.9* 
vegetable stanol 
esters: -16.6+-10.1’ 

CiDL-C 
control: 0.4+6.2 
wood stanol esters: 
0.41t5.0 
vegetable stanol 
esters: (1 O&4.3 

Percent cl,‘trge, relative 
to control: 

Total-C 

vegetable stanol 
esters: 13.6k2.2 

wood stanol esters: 
,’ i:,,:“. ; :,:.i 238.5 

9 3”: vegetable stanol 
ii t’;; esters: 239.5 
_. ’ ! ( :; 
.: 

> ; .,;‘, 
)’ ‘.f”~., I 

wood stanol esters: 
-8.1+7.5%* 

cd 

vegetable stanol 
esters: -8.6+5.1%’ 

LDL-C 
wood stanol esters: 
-12.8+11.2%’ 
vegetable stanol 
esters: -14 6 +8 0%’ 

* P c 0.001 relative to 
control 



w 

Andersson A, 1999 
(Ref. 80) 

I N= 
I F 

Randomized double-blind 1 RL 61 (26 ~33 P) mod- 
irately 

(1) Controlled lipid-lower- 

typercholesterolemic 
ing diet (test diet) + low 

subjects 
fat margarine (control 
margarine); 

) test diet+oontrol mar- .’ ,(2) Controlled lipid-lower- 
larine: N= 21 
test diet+test mar- 

ing diet (test diet) + a 

sarine: N= 19 
’ -‘: low fat 3.4 g/d stanol 

‘: ‘.. ester (2g/d free)-con- 
usual diet+test mar- ) 2.;‘. taining margarine (test 

aarine: N= 21); inclu- ! c’ margarine); 
riotl criteria: serum :s i(3) Usual diet (control 
total cholesterol levels’ :1 ;” 
st Screening 2194 rn9/ii ; 

diet)+ a low fat 3.4 s/d 
Stan01 ester (29/d free). 

f; mean serum cho- + i ‘containing margarine 
,esterol at baseline: .sti ;,,Jri (test margarine) ‘1: ’ /j.’ 

tena. serum cholesterol’, “” 
264+44; exclusion cri- ’ .i; :zin 25 g/d (use 3X per 

. 

> 330 mg/dL at screen-! i; 
day) of low fat (40% 

ing. 
fat) margarine made 

:.: t:, from low erucic acid 
:: iI rapeseed (canola) oil. 
,, ; h,Stanol source: NR. 

: * g : .7 .( 
:. : 

n-in period: 4 weeks; 
experimental period: 8 

Subjects consumed either 

weeks. /. -,uSual diet (control diet) 
j or controlled feeding 

‘ercent change. in cho- 
lesterol from baseline: 

rotal-C 
test diet+cor:trol mar- 
garine: -8’ 
test diet+test mar- 
garine: -15’ 
control diet+test mar- 
garine: -9 

.DL-C 
test diet+control mar- 
garine: -12’ 
test diet+tes! mar- 
garine: -19’ 
control die&test mar- 
garine: -12’ 

YDL-C 
test die&control mar- 
garine: -4 
test die&test mar- 
garine: -7T 
control die&test mar- 
garine: 0 

‘P -L 0.0001; $P co.ooo5, 
relative to baseline 

Percent change (P value) 
for differences between 
test diet+test margarine 
relative to test 
diet+control margarine: 

Total-C: -12% (P c 
-0.0035) 

LDL-C -15% (P < 
-0.0158) 

HDL-C 0% (P < 0.1226) 
Percent change (P value) 

for differences between 
test diet+test margarine 

_ relative to usual diet+ 
test margarine: 

‘Total-C: -4% (P < 0.0059) 
LDL-C: -6% (P c 0.0034) 
HDL-C: -6% (P < 0.0093) 

, 

- . ,  ‘: .lipid lowering diet (test 
,,i *I 1. diet) during study. 

-;j$ $‘~alculated /food analysis ;.‘“~:; 
. :.‘ ~, C. ‘: nutrient composition of il .:“$ 

b 



TABLE 2.-PLANT STANOL ESTERS AND CHD (STUDIES ARE LISTED IN 

Design 
1 

Margarine study; random- N= 
ized double-blind 
crossover study; after 
the margarine period 
the same women were 
randomized to the But- 
ter study, which is a 
randomized double- 
blind crossover study. 

Population Plant stanol: dose/form 

:23 during margarine 
period, N= 21 during 

(1) Sitostanol ester mar- 

butter period; mod:,: 
garine 5.4 g/d (3.18 9/ 

erately 
day free) (wood oil); 

hypercholesterolemic 
(2) Campestanol ester 

postmenopausal 
,margarine 5.7g/d (3.16 

‘. ,#d free) (vegetable 
women; inclusion cri- 1. ‘. oil),; 
teria: serum I‘ .!b) Butter control; 
cholesterol between ,. ( (4) Sitostanol ester butter 
21.3 and 310 mg/dL. I 7:: 7 4.1 g/d (2.43 g/d free) 

(wood oil) 
-in 25 g of margarine or 

butter. 
i (. Stan01 source: wbod or -. 
: vegetable oil. 

.’ 

i :. 
. 3 

. . 

;, 1 ,.;, ‘? 

REVERSE CHRONOLOGlCA~~oR~ER)-Continued 

Results 

7holesterol at end of pe- 
riod Ima/dLJ: 

Total-d - 
run-in home diet: 
23556 
sitostanol ester mar- 
garine: 224k7 
campestanol ester mar- 
garine: 221 f7’ 
butter control: 245+8 
sitostiinol ester butter: 
228+7t 
IL-C 
run-in home diet: 

garine: 63+4’ 
campestanol ester mar- 
garine: 63+3’ 
butter Control: 63+4 
sitcstanol ester butter: 
63+4 

Jercent change from but- 
ter control: - 

Total-C 
sitostanol ester butter: 
-8%t 

.DL-d 
sitostanol ester butter: 
-12%t 

Significantly different 
from run-in home diet, 
P < 0.05; 

*Significantly different 
from butter, P < 0.05 

154?5 
sitostanol ester mar- 
garine: 14015 
campestanol ester mar- 
garine: 139*7* 
butter control: 161 f7 
sitostanol ester butter: 
143+6t 

KJL-c 
run-in homo diet: 
6Ot3.5 
sitostanol ester mar- 

P 



Hallikainen MA, 
1999 (Ref. 77) 

Randomized doubie- 
blind, placebo-con- 
trolled, parallel study. 

P .andomized double-blin@ 
placebo-controlled, pal 
allel study. 

N= 55 (M/F); 
hypercholesterolemic 
subjects 

((1)control margarine N= 
6M, 11 F, 

(2) wood stanol ester- 
containing margarine 
(WSEM) N= 8 M, lO,F,: 

(3) vegetable oil stanol 
ester-containing mar- :, 
garine (VOSEM) N= 6 ” 
M, 14 F); : 

inclusion criteria serum’ “J 
total cholesterol con- es, 
centrations between ; ; 
209 to 290 mcJdL; ‘, :, 
mean cholesterol at .:: 
baseline, mg/dL: 
intro1 group 229+_25 
SEM group 246+29; 

:. : 

VOSEM group 238?31.’ 

,=32(M) 
ypercholesterolemic 
subjects (N= 16 contra 
group, N=l6 phytos- 
terol group): inclusion 
criteria serum total cho 
laster01 concentrations 
between 252 to 387 
mgldL; mean choles- 
terol at baseline, mg/ 
dL; control group 
263.5250, phytosterol 
group 260.5 t44.5, 

) Control margarine; 
!)‘WSEM 3.9 s/d (2.31 
s/d free); 

I) VOSEM 3.9 s/d (2.16 
4/d free) 

-in 25 g low-erucic acid 
RSO-based low fat 
(40% or 35% fat) mar- 
garine per day. 

:tanol source: wood or 
vegetable. 

(‘I) Controt, 
(2) Sitostanol-containing 

phytosterols (20% 
sitostanol, remaining 
plant sterols are sito- 
sterol, campesterol) 
1.7 g Id 

-in 30 g/d of margarine 
consumed during 3 
meals; sterols/stanols 
not ester&d. 

sterol SOurCe: tall oil (de 
rived from pine wood) 

, 

?un-in period: 4 week; 
experimental period:. 6 

Subjects consumed the 

weeks. 
margarines as part of a 

‘, 0 diet resembling that of 
,- the National Choles- ‘Ij ., 

.~;, .; _: 
f, .; 

terol Education P&- 
gram’s Step II diet. 
etary intake during 
study 
&fi fat (%TE) 
control: 26.5k3.1 
WSEM: 26.4t3.3 
VOSEM: 25.6k3.9 
s&rated fat [%TE) 
control: 7.3k1.6 
WSEM: 7.021.4 
VOSEM: 6.821.7 
bolesterol (mg/day) 
control: 135 
WSEM: 164 
VOSEM: 139 

Jo run-in period; experi- 
mental period: 30 days, 
20 days followup after 
experimental period. 

:ontrolled feeding regi- 
men for all subjects, a 
‘prudent,’ fixed-food 
North American diet 
formulated to meet Ca 
nadian recommended 
nutrient intakes 

Xeietary intake during 
study: 
Total fat (% TE): 35% 
Saturated fat (% TE): 
11% 
Cholesterol (mgld): Nf 

Change in choiesferoi 
from week 0 to week 8 
(mg/dL): 

Total-C 
control: -18.6219 
WSEM: -46 it23.6 
VOSEM: -3 c22.8t 

.DL-C 
control: -17.4k22.8 
WSEM: -4lf17t 
VOSEM: -3lf19.4 

-iDL-C 
control: 0.455.8 
WSEM: -1.2k6.6 
VOSEM: -1 .a7 
?rcent change, relative 
to controt 
)tal-C 
WSEM: -10 6%’ 
VOSEM: -8:l%t 
3L-C 
WSEM: 13.7% t 
VOSEM: 8.6% 
gnificantly different from 
control group: l P e 
0.001, t P < 0.05, 
’ c 0.01 

lay 30 cholcsierol (mg/ 
dl): 

-ootal-C 
control: 236 156 
sitostanol-containing 
phytosterois: 210+36 

DL-C 
control: 176152 
sitostanol-containing 
phytosterols: 130+36 

p < 0.05 relative to con- 
trol group) 

-IIlL-C 
control: 23+7 
sitostanol-containing 
phytosterols: 26+7 

Tay 0 to day 30 (% 
change): 

.DL-C 
control: -8.9%, P < 
0.01 
sitostanol-containing 
phytosterols: -24.40/o, P 
< 0.001 
sitostanol-coqtaining 
phytosterols? 
-15.5%, P <0.05, rel- 
ative to control 

WI 



TAF E 2.--PLANT STANOL ESTERS AND CHD (STUDIES ARE LISTED IN REVERSE CRRCNCLCG~CAL ORDER)-CoRfjRUed 

Study Design l- 
-t- 

#ultics iter, randomized 
doute-blind, placebo- 
controlled parallel 
study. 

Population Plant stanol: dose/form 

I= 298 (51% M/ 49% P) 
mildly 

(1) Controt US reformu- 

hypercholesterolemic 
,, lation of vegetable oil 

subjects; 
spread; 

_’ (2) EU 3G: 5.7 g/d stanol 
[l) control N= 76, (2) EU‘ esters (3gId free) Euro- 
3G N=74, (3) US 3G,, r i’ ;pean formulation of 
N= 71, (4) US 2G N= ‘I a i “vegetable oil spread; 

77); .’ i i(3) US 3G: 5.1 g/d stawl 
iclusion criteria serum :+ ’ ’ ~’ 
total cholesterol con- : il’ 1 

esters (3 g/d free) Us 
reformulation of vege- 

Results 

centrations between -i ; table oil spread; 
200 to 280 mg/dL; i;~ ,:(4) US 2G: 3.4 g/d stanot 
mean baseline total >‘i esters (2 g/d free) US 
cholesterol: 233220 i. reformulation of vege- 
mg/dL. ,,$ ” table oil spread 

: 1 -in 24 g/d spread (three 
i!j!~: $ i ‘. 8’9 servings a day). 
_I + ( Stan01 source: wood. 

‘ercent change in cho- 
lesterol from baseline 
to week 81 

rota/-C 
ontrol: 0.5 
Xf 3G: -4.7’ 
IS 3G: -6.4’ 
IS 2G: -4.1’ 
.DL-C 
:ontrol: 0.1’ 
W 3G: -5.2’ 
IS 3G: -10.1’ 
JS 2G: -4.1 l 
iDL-C 
:ontrol: 2.0 
:U 3G: 0.0 
JS 3G: 0.0 
JS 2G: 0.0 
‘P < 0.001, relative to 

baseline 
Total-c (P = 0.001) and 

LDL-C (F -tO.O2) levels 
were signitlcantly re- 
duced in all 3 active-in- 
gredient groups com- 
pared with the placebo 
group at all time points 
during the ingredient 
phase. (see figures in 
paper for values) 



?rcent change in cho- 
lesterol at end of 3.5 
weeks, relative to con- 
trol: 
ptal-C 
plant stanol esters: 
-7.3’ 
soybean sterol esters: 
-8.3 
ricebran sterofs: -1 .I 
sheanut sterols: -0.7 

DL-c 
plant stanol esters: 

= 95 (100 enrolled= 50 (1) Control (Flora ’ 
M/ 50 F) but approxi- 
mately 80 subjects for (2,“~?&anol esters 4.6 

sun 

each margarine (in- 
ma1 

complete Latin square T, 
s/d (2.7 g/d free); of ? 

design= 5 margarines 
(3) Soybean sterol esters 

in four periods); 
4.8 4/d (3 s/d free); 

:,: ‘(4) Ricebran SterOlS 1.6 
tirmocholesterolemic; :‘z ; s/d f ree; 
and mildly hyperchol- -,? /(5) Sheanut sterols 2.9 g/ .< ,’ 

1 Run-in of 5 days; each;’ 
’ I]ect consumed 4’: 

Volunteers were re- 

rgarines for a period I I 
quested tb retain their 

1.5 weeks each; :j 
.normal dietary pattern. 

1: 1, Dietary intake during 
:h-na,+ ntwn.4 b.^ ‘7s ,,: 

esterolemic subjects; :;” : d free ^_T ~;;I”,%&&:&41 $8 

inclusion criteria at <: ,-iri 30 g/d of margarine, 
baseline for total plas-$!<I ’ consumption at lunch 
ma cholesterol con-, ‘7; ..;! and dinner; margarines 
centratiin: c 310 mg/$$ ‘t;.;replaced margarines 
dL (baseline total cho:? 
lesterol: mean 207 

“habitually used. 
tT.- Stan01 source: wood. 

y ::.;: I ?. c x2.‘:-% ^ ,_I_ ;‘ ?.’ ./ contra,: ‘1 5.9 

PC 

:13* 
soybean sterol esters: 
-13’ 
ricebran sterols: -1.5 
sheanut sterols: -0.9 

IDL-C 
plant stanol esters: 0.1 
soybean sterol esters: 
0.6 
ricebran sterols: -1.3 
shsanut sterols: -1.2 

P <o.os 

I 

I; 

I 

>’ :, :;-i;:$.:’ ‘,. 226 
(.’ , ‘. ,*. : 1,: 2 ‘~ ,i’ 

I 
,‘_ j, ‘i ,$ : ricebran sterols. 233 

.‘, I ( ‘; $2 y.1. i sheanut sterols: 227 

N=24 (M/F) 
normocholesterolemic 
subjects (N=12 (4 W8 

1 vi) 5t1oTmnof ester 5 
-, ‘n ,A I-. .I 

F) control, N=12 (-1 M/F 
F) sitostanol ester); 
baseline serum total 
cholesterol: 197k38.7 
mg/dL. 

1 yy”’ 

1 (1) Controt 1 (1) Controt ’ 1e.1 A.. . - 1e.1 A.. . - . .l 9/ 
1 No run-in period; experi- I Subjects were advised to 

mental period: 5 

$1 
0 1~ yo Tree); ” \*. II,” rmn,. .lY I !!!” weeks. 

replace normal dietary 

s 

I 
-in 24 Q of a RSO -in:.,. 

fat for 5 weeks witn the 

based nlalyal based-margarine to be 
study margarine; the 

used on bread, in food used on hre=d 
amount and quality of 

------at.,. , =I ------ation and in bak- 
ingested fat were 

Ing In three 8 g por- Ing In three 8 
planned to be 

tions over the day. tions ova* *ho 
equal in both groups. 

Stan01 sounx NR. Stan01 SOL ,-“. , ., ,. 
Dietary intake during 

I studv: I 
1 Total f&t: NR 

:holesterol change from 4 
baseline to 5 weeks 
(mg/dLJ: 

Total-C 
control: -11.6f19.4 
sitostanol ester: 

-31+_19.4’ 
Non-HDL-C 
control: -11.6+19.4 
sitostanol ester: -31 f23’ 
HDL-C 
control: -1.5 +6.6 
sitostanol ester: -2.324.6 
l P ~0.05, relative to con- 

I 
Saturated fat: NR 
Cholesterol: NR 

trol 



TABLE 2.-PLANT STANOL ESTERS AND CHD (STUDIES ARE LISTED IN REVERSE CHRONOLOQDAL &tDf=P)-CJDDtjDued 

Design Population Plant stanol: dose/form 

J= 33 (M) moderate 
hypercholesterolemic 

(1) Control (Step 1 Diet 

subjects; total cho\es- 
atone); 

terol concentratiori after 
(2) Plant stanol 3 g/d + 

Step 1 Diet; 
run-in period: 239+29. .:: (3) Washout (Step 1 Diet 

.>alone) ’ 
: I 

’ ;.:. 
-plant stanol was sus- 

( pended in safflower oil 
I “) 

::::7;; and packed into gelatin 
< %.$‘ : ?caPSUieS, each capsule 

: -containing 250 mg 
: : sitostanol and 1 g of 
s ,safflower oil; subjects 

‘,k,, .’ Anstructed to consume 
b ‘4 capsules per meal 
$ :-i (subjects were to “at i. .,: .( 

,, 2 consume a 
. . . , -:‘i : total of 12 capsules (3 g) 

in three divided doses I 
j,; during three meats); i 
.; ; plant stanols not 
: esterified. 

Stanol source: tall oil. 
-_I__ 

Duration Dietary intakes 
Fixed sequence design 

with three sequential 
experimenta; periods. 

1 month run-in on Step I Subjects were instructed 1 month rur 
Diet; expl 
ods: 3 mc 
tion; was 
month. 

Results 

Cholesterol, at end of 
each period (mg/dL): 

Total-C 
zontrol: 2391+29 
clant stanol + Step I Diet: 
238+31 
washout: 244529 
LDL-C 
control: 175+26 
plant stanol + Step I Diet: 
172231 
washout: 181+30 
HDL-C 
control: 39211 
slant stanol + Step I Diet: 
41212 
washout: 39+11 
NS differences between 

any period. 



Randomized double- 
blind, placebo-con- 
trolled study. 

I= 153 (42% MI 58% F) I= 153 (42% MI 58% F) 
(N= 51 control mar- (N= 51 control mar- 

(1) Control margarine; (1) Control margarine; j j 

garine, N=102 test garine, N=102 test 
(2) Sitostanol ester 5.7 g/ (2) Sitostanol ester 5.7 g/ 

margarine) mild margarine) mild 
d (3 s/d free) for 1 d (3 s/d free) for 1 

hypercholesterolemic hypercholesterolemic 
year; year; 

subjects; inclusion cri- subjects; inclusion cri- 
(3) Sitostanol ester 5.7 g/ (3) Sitostanol ester 5.7 g/ 

d (3 g/d free) for 6 d (3 g/d free) for 6 
teria: serum cholesterdl “. months, followed by teria: serum cholesterdl “. months, followed by 
C0WXntRM-i 2216 mg/ ,: . sitostanol ester 3.4 s/d concentration 2216 m@ ,: . sitostanol ester 3.4 s/d 

‘, ““’ (2 @cl free) for next 6 ‘, ““’ (2 @cl free) for next 6 
-3: ::‘.:months -3: ::‘.:months 
; -in’24 g/d margarine. ; -in’24 g/d margarine. 

$.,), i: ;.Actual intake of sitostanol~ $.,), i: ;.Actual intake of sitostanol~ 
,a,, )’ ‘, ,a,, )’ ‘, ester ester 
:,:-;ii ifdr 5.1 g/d: 4.4 g/d :,:-;i:, ifdr 5.1 g/d: 4.4 g/d 

,: $for 3.4 g/d: 3.1 g/d. ,: Jfor 3.4 a/d: 3.1 g/d. 
: c .’ ;.Stanol source: wood. 

:. i .,i 

dL. 

.’ 

,‘: ) 14.3+0.7 
i Cholesterol (mg/d) 

,_:! control: 314227 
’ ‘b 4.4 g/d stanol ester: . . 

‘.’ 
.:‘ 

/: ” I” ‘3.1 s/d stanol ester: 
i 

340237 

.r.: : j 308k20 
: :.. r 

: 
;. 

:: 

: :,i 
I 

;holesterol concentration ;holesterol concentration 
at 1 year (mg/dL): at 1 year (mg/dL): 

Total-C Total-C 
:ontrol: 237+4 :ontrol: 237+4 
1.4 g/d stanol .?ster: 1.4 g/d stanol .?ster: 

21 Of4’ 21 Of4’ 
3.1 s/d stanol ster: 3.1 s/d stanol ster: 

214lt4* 214lt4* 
:DL:C :DL:C 
:ontrol: 157f4 :ontrol: 157f4 
1.4 g/d stanol ester: 1.4 g/d stanol ester: 

13453 13453 
3.1 g/d stanol ester: 3.1 g/d stanol ester: 

138*3’ 138*3’ 
HDL-C HDL-C 
control: 541r2 control: 541r2 
4.4 g/d stanol ester: 53+1 4.4 g/d stanol ester: 53+1 
3.1 s/d stanol ester: 58f2 3.1 s/d stanol ester: 58f2 
‘P < 0.001, relative to ‘P < 0.001, relative to 

baseline baseline 
Mean change after 1 year Mean change after 1 year 

(mg/dL): (mg/dL): 
Total? 
control: -1 
4.4 g/d stanol ester: -25’ 
(difference -24 (95% Cl: 

-17 to -32)) 
LOL-C 
control: -3 
4.4 s/d stanol ester: -24’ 
(difference -21 (95% Cl: 

-14 to -29)) 
HDL-C 
control: 0.0 
4.4 @d stanol ester: 0.4 
‘P < 0.001, relative to 

‘control 



TABLE 2.-PLANT STANOL ESTERS AND CHD (STUDIES ARE LISTED IN REVERSE CHRONOLOGICAL oRDER)-~ontinued 

i resign l- Population Plant stanol: dose/form Results 

Randomi; ed placebo- 
controll d, double-blind 
study. 

J= 31 (22 MI 9 F) (con- (1) RSO conrfo~ 
trol N= 8; sitosterol N= 
9; sitostanol N= 7; 

(2) Sitosterol 0.7 g/d; 
(3) Sitostanol 0.7 s/d; 

sitostanol ester N= 7); % (4) Sitostanol ester 7.36 
hyperchoiesterolemic c 
subjects; inclusion cri- :: 

g/d (0.8 s/d free) 

teria at baseline for 
-in 50 g@ of RSO may- 

$ onnaise. 
total serum cholesterol . . Sfanol source: NR, 
concentration: > 232 ,, i!; 
mq/dL. ‘_ 

I 

Change in cholesterol 
from end of run-in pe- 
riod to end of 9 week 
study period (mg/dL): 

rota/-c 
RSO control: 4.624.3 
sitosterol: -7.7C5.0 
sitostanol: -0.4f5.4 
sitostanol ester: -7.4+3.1* 
LDL-C 
RSO control: 3.11t4.3 
sitosterol: -7.024.3 
sitostanol: -1.2+_4.6 
sitostanol ester: 

-7.723.1 l t 
HDL-C . 
RSO control! 2.3k1.2 
sitosterol: 0.00+1.5 
sitostanol: 2.321.5 
sitostanol ester: 2.350.8’ 
*P < 0.05, *slative to run- 

in 
TP < 0.05, i&d.x? t0 

RSO control 

. 



Vanhanen HT. i 
1994 (Ref. 94) ~ 

;andomized double- 
blind, placebo-con- 
trolled study. 

qandomized double- 
blind, plncebo-con- 
trolled study. 

P 

= 15 (1 lM/ 4 F) mildlv 
hypercholesteroler& 
subjects (N= 8 control 
group, 

:= 7 sitostanol group); 
serum cholesterol se-’ ‘, 
lecec;~ criteria z 232 

y ., 
,.. 

,:y.!; 
‘. s; 

/,I) ;.p 
.< : ! 

j’j 
.ri 

‘, 
>~ :>2.): , ! z :, , 

J= 67 (47 MI 20 F) mod- 
erately 
hypercholesterolemic 
subjects (N= 66 in 
Tables: control N=32; 
sitostanol ester N34); 
plasma cholesterol 
concentration at base- 
line: 246 t 33 mg.IdL. 

[I) Control (RSO may- 
onnaise); 

[2) Sitostanol ester 7.36 
s/d (0.8 g/d free); 

(3) Sitostanol ester 3.4 g/ 
d (2 g/d free) 

-in 50 gld of RSO may- 
onnaise. ) 

Sfanol source: NR. 
.‘,f:. 

,‘; 
‘,$, ,, 1:~ St;. 

.: i’ ‘4 ;. :_ 
?g 14 .>;. 

8 x 
: 

,$ .$ .+ 
,; -;-: 

: .,: 1 :<f; :‘. !. ,I 
_’ 

ci;, _. 

(1) Control (RSO may- 
onnaise); - 

(2) Sitostanol ester 5.8 g 
d (3.4 g/d free) 

-in 50 g RSO may- 
onnaise. 

Stan01 source: NR. 

Qun-in period: 6 weeks; 
experimental Period: 15 

Subjects replaced 50 g of 

weeks; lower dose -I. 
their USU~I dietary fat 
k., cn - -1 m-e 

sitostanol for 9 weeks; 
followed by higher 

’ onnaise, otherwise 
:.; fi F ‘usual diet. 

dose sitostanol for 6’; ’ :, ‘Die&w intake during run- 
weeks. ;; :. 

,T.c~.;, 6 in period (reported to 
be simila; fd the experi 

Run-in period: 4 weeks; 
experimental period: 6 
weeks. 

Subjects replaced 50 g of 
daily fat intake with 50 
g of RSO mayonnaise: 
a second 7-day diet 
record performed dur- 
ing the experimental 
period indicated that 
diet composition was 
similar Jo that during 
the run-in period. 

Dietary infake during the 
standardization period 
(run-in): 

Total fat (% TE): 37 
Saturated fat (% TE): 12 
Cholesterol (mg/d): 270 

Xolesterol change from 
baseline (mg/dL): 

Total-C 
:ontrol: 525 
I .36 g/d: -7.4i3.1$ 
:ontrol: 8.lk5.4 
1.4 gld: -11.2 

3.5** 
1DL-c 
:ontrol: 3.1k4.6 
I .36 g/d: -7.713.1’ 
mntrol: 5.8+5.4. 
3.4 g/d: -15.1?12.7’$ 
YDL-C 
:ontrol: 2.3kl.2 
I .36 g/d: 2.3f0.8 
:ontrol: 0.8U.9 
3.4 s/d: 2.7k1.5 
Percent change, relative 

fo control: 
Total-C 
I .36 s/d: -4.1%$ 
3.4 g/d: -9.3%$ 
TLIIL-C 
1.36 g/d: -10.3% 
3.4 g/d: -152%t 
UDL-C 
1.36 g/d: 0.5% 
3.4 g/d: 0% )Ir 
‘P < 0.05, relative to CI 

baseline 
t P c 0.05, relative to con- 

trol 

Cholesterol after 6 weeks 
(mg/dL): 

Total-C 
control: 225+27 
sitostanol ester: 2091L34’ 
LDL-C 
control: 134&l 8 
sitostanol ester: 124f32T 
HDL-C 
control: 53fll 
sitostanol ester: 51212 
tP < 0.01; l P < 0.001, 

relative to control 



TABLE Z.-PLANT STANOL ESTERS AND CHD (STUDIES ARE LISTED IN REVERSE CHRONOLoGfCAL ORDER)-continued 

Population Plant stanol: dose/form P Duration 

iun-in period: 4 weeks; 
experimental period:*6 
weeks. .> r: ..,i:’ +!y. jl ) ‘c; : i 5jl. (i., 

Dietary intakes Results 

‘lacebo-controlled, ran- 
domized double blind 
study. 

= 67 (47 Ml 20 F) mod- 
erately 

(1) Control (RSO may- 

hypercholesterolemic 
onnaise); 

subjects; (control ‘~33; 
(2) Sitostanol ester 5.8 g/ 

d (3.4 g/d free) 
sitostanol ester N=34); i -in 50 g RSO may- 
serum cholesterol se- 
lection criteria > 232 ‘I’ St::?::rce NR. 

I=24 (M and F) (control (1) RSO control; 
group N= 8: sitosterol (2) Sitosterol: 0.625 or 
group N= 9; sitostanol 
group N=?) 

0.722 gkf, 

hypercholesterolemic 
(3) Sitostanol: a.630 g/d 

individuals (serum cho- 
-in 50 s/d of RSO may- 

lesterol > 232 mg/dL). 
onnaise; plant steroid 
stanols are not 
esterified. 

Starr01 source: rapeseed 
oil. 

,* : ,; I 

j week run-in on RSO 
spread; 9 week period. 

iobjects replaced 50 g of 
daily fat intake with 50 

i:;g Of RSO mayonnaise; 
i z‘second -/-day diet 
$record performed dur- 
:&$the experimental 
$period indicated that 
idiet composition was 
&similar to that during 
&he run-in period. 
dietary intake during the 

standardization period 
(run-in}: 

roWfat (% TE): 37 
Saturated fat (% TE): t 2 
Cholesterol (mg/d): 270 

3n average 50 g of visi- 
ble dietary fat as but- 
ter, margarine, milk fat, 
sausages and cheeses 
was replaced by the fat 
spread. 

Dietary intake during 
study: 

To??11 fat: NR 
Saturated fat: NR 
Cholesterol: NR 

:holesterol change from 
baseline period, mg/dL 
(cholesterol concentra- 
lion at 6 weeks in mg/ 

; ,, 

dL): 
rotal-C 
:ontrol: -2.7k2.3 (225) 
;ostanol ester: -17.Ok2.3 
ww 

k-c 
:ontrol: -1.5k2.7 (142) 
titostanol ester: 

-14.352.3’ (130) 
mDL-C 

% 

:ontrol: -1.2kO.8 (53) 
;itostanol ester: -1.21tO.8 .- 

(52) 
‘P < 0.05, relative to con- 

trol 

Percent change in cho- 
Jesterol at end of 9 
week studv period, rel- 
ative to control: 

Total-C 
sitosterol group: -7.6(NS) k3 
sitostanol group: -9.7(NS) 
At end of study (mg/dL): 
Total-C 
control: 239210 
sitosterol group: 221 +_13 
sitostanol group: 216?;9 
all NS 
LDL-C NR 
HDL-c: NR 



lIcronyms and Abbreviations Used in Table 

d day 

dl deciliter 

CI confidence interval 

EU European 




